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INTRODUCTION 

Many  Navy  antenna  towers  are  located  in  geographically  remote  locations 
where  maintenance  facilities  are  limited  and  severe  environment  (e.g., 
marine,  tropical  exposure)  causes  rapid  localized  coating  damage.  The 
heights  and  configurations  of  these  towers  permit  only  steeplejacks  or 
repairmen  utilizing  an  aerial-serving  platform  to  reach  all  areas.  Even 
then,  some  areas  are  frequently  hard  to  reach.  Repair  of  damaged  coat- 
ings by  conventional  means  (e.g.,  sandblasting  and  spray  painting)  is 
very  costly  and,  in  some  cases,  impossible  because  of  physical  limita- 
tions or  environmental  regulations  (e.g.,  dry  abrasive  blasting  is 
frequently  restricted  because  of  particulate  emission).  Thus,  the  Civil 
Engineering  Laboratory  (CEL)  was  directed  by  the  Naval  Facilities  Engineer- 
ing Command  to  develop  a system  for  in-place  repair  of  damaged  exterior 
coatings.  The  work  has  been  conducted  along  several  different  lines 
with  various  coatings.  Each  will  be  discussed  in  separate  sections  of 
this  report.  A variety  of  proprietary  materials,  specification  paints, 
and  a formulation  developed  at  CEL  have  been  investigated  to  determine 
the  capability  of  different  generic  types  to  give  good  performance  under 
severe  atmospheric  conditions. 


WATER-EMULSION  EPOXY  STUDY 

A number  of  water-emulsion  epoxy  coatings  have  been  formulated  for 
use  on  steel  (1,2).  The  water  emulsions  usually  contain  some  organic 
coupling  solvent  but  readily  meet  all  local  air  pollution  control  regula- 
tions. They  have  the  advantages  of  low  odor,  safety  (no  fire  or  explosion 
hazard),  and  easy  clean-up  of  equipment,  lines,  and  personnel  with 
water.  They  are  also  reported  to  bond  well  to  oil  and  alkyd  paints 
without  softening  them;  th.  i,  an  intermediate  tie  coat  is  not  required. 

In  this  way  an  alkyd-coated  structure  with  localized  coating  damage 
could  be  repaired  - or  the  entire  structure  could  be  topcoated  directly  - 
with  an  epoxy  to  improve  its  weatherability  or  resistance  to  abrasion 
damage.  The  polyamide  curing  agent  in  most  of  these  formulations  is 
reported  as  inhibiting  corrosion  (2).  A limited  investigation  of  water- 
emulsion  epoxies  disclosed  many  potential  uses  throughout  the  Naval 
shore  establishment,  such  as  exterior  coatings  for  metal  buildings, 
towers,  tanks  and  support  structures  (3). 
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Weathered  Systems  Program 

An  experimental  program  was  devised  to  determine  both  (1)  the 
usefulness  of  water-emulsion  epoxies  in  the  touchup  and  topcoating  of 
damaged  or  weathered  alkyd  paints  and  (2)  the  performance  of  these 
coatings  applied  directly  on  steel,  as  compared  to  a regular  sclvent 
epoxy,  a low  solvent  epoxy,  and  a regular  alkyd  system. 

A number  of  weathered  alkyd  panels  (6  x 12  in.)  were  available  from 
a previous  6-yr  exposure  to  a marine  atmosphere  at  Port  Hueneme,  Calif. 

They  were  of  two  separate  systems:  (1)  Weathered  System  I;  TT-E-489 
over  TT-E-485  over  MlL-P-15328;  and  (2)  Weathered  System  II:  MIL-P-15130 
over  TT-P-645  over  MIL-P-15328.  Five  panels  of  silicone  alkyd  TT-E-490 
over  TT-P-645  over  MIL-P-15328  (Weathered  System  III)  were  also  available 
after  a 6-yr  atmospheric  exposure  at  Port  Hueneme  for  a limited  experiment 
to  determine  if  silicone  alkyds  present  any  unique  topcoating  problem. 

The  experimental  design,  developed  to  take  advantage  of  the  available 
weathered  panels,  is  shown  in  Table  1. 

The  abrasive-blasted  steel  panels  were  coated  as  described  in 
Table  2 to  obtain  a minimum  total  dry  film  thickness  of  9 mils.  All 
exposed  topcoats  were  gray  except  System  3,  which  was  white,  and  System 
4,  which  had  aluminum  pigmentation.  Each  weathered  panel  had  had  a 
paint  thickness  of  5 mils  and  a 5-in.  X-shaped  scribe  cut  into  its  front 
surface  before  the  6-yr  exposure.  The  Weathered  System  II  panels  had 
much  more  blistering  in  the  scribe  than  did  the  Weathered  System  I 
panels  (see  Figure  1).  When  the  scribed  areas  of  the  Weathered  System  II 
panels  were  power  wire-brushed  prior  to  repainting  (as  might  occur  in 
the  field),  wide  pits  were  exposed  in  the  blistered  areas  (Figure  2). 

System  I panels  had  mostly  filiform  corrosion.  The  wire-brushed  panels 
were  all  spot-primed  (Figure  3)  with  TT-P-645  before  the  prime  coat  and 
the  topcoat  of  each  of  the  coatings  systems  were  applied  to  fronts  and 
backs.  Individual  coat  thickness  on  weathered  paint  panels  were  identi- 
cal to  those  on  sandblasted  steel  panels  since  they  were  applied  at  the 
same  time. 

Analyses  of  the  experimental  coatings  were  made  by  CEL  and  are  in 
Appendix  A;  their  sources  and  identifications  are  listed  in  Appendix  B. 
Analyses  were  made  according  to  the  methods  outlined  in  Reference  4. 
Specification  paints  were  certified  by  their  suppliers  to  conform  complete- 
ly to  specification.  Hand  brushing  was  used  to  spot-prime  the  wire- 
brushed  areas  on  the  weathered  panels  and  to  apply  Coating  System  4. 

All  the  other  coatings  were  applied  with  an  automatically  controlled 
spray  system  as  instructed  by  each  supplier.  The  panel  edges  of  each 
coating  system  were  specially  dipped  into  a trough  containing  the  top- 
coat to  eliminate  possible  edge  effects.  No  application  problems  were 
encountered. 

After  2 wk  of  curing  at  room  temperature,  a 10  in. -long  X was 
scribed  into  the  coating  system  of  the  sandblasted  panels  and  a 2-in.  long 
X was  cut  through  the  coating  in  the  lower  right  portion  of  the  weathered 
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paint  panels.  The  scribing  was  designed  to  permit  initiation  of  under- 
cutting in  the  weathered  systems.  During  this  cutting,  Coating  System  2 
was  found  to  be  very  brittle  and  completely  disbonded  from  the  sand- 
blasted panels  and  almost  as  completely  from  the  weathered  paint  panels. 
The  seven  coating  System  2 panels  were  not  exposed  because  of  their 
failure  when  scribed. 

After  3 wk  of  curing,  the  bonding  strength  of  each  system  to  each 
substrate  was  determined.  One-quarter  of  the  unscribed  side  of  each 
panel  was  lightly  hand-sanded  with  aluminum  oxide  108J  sandpaper  to 
provide  a good  surface  for  bonding  of  three  steel  probes  (Figure  4). 

The  surfaces  of  the  probe  ends  were  sandblasted  to  a white  metal  finish 
before  being  bonded  to  the  panels  with  an  epoxy  adhesive  (Aerobond  No. 
2210).  The  circular  probe  ends  were  exactly  1 sq  cm  in  surface  area. 

After  the  adhesive  had  cured  overnight,  the  probes  were  pulled  in  tension 
at  a rate  of  0.5  cm/min  in  a table  Instron  Model  TM  testing  machine 
(Figure  5)  until  failure  occurred.  Both  the  magnitude  and  type  of 
failure  were  noted.  Breaking  strengths  were  recorded  to  the  nearest  0.5 
kg/sq  cm.  The  failed  areas  were  then  spot-coated  with  the  topcoat  of 
Coating  System  4 before  the  panels  were  sent  to  the  CEL  exposure  site  at 
Kwajalein,  Marshall  Islands,  for  exposure  to  a severe  tropical  atmosphere 
(Figure  6). 

Results 

The  panels  at  Kwajalein  were  rated  for  field  performance  every  1/2 
yr.  Ratings  were  assigned  by  CEL  personnel  in  accordance  with  ASTM 
standards  as  described  in  Reference  5.  A numerical  rating  system  was 
used  for  recording  the  degree  of  protection  given  by  a coating:  a rating 
of  10  indicated  complete  protection;  and  a rating  of  0,  no  protection. 

For  example,  if  the  metal  substrate  had  lost  protection  over  10%  to  20% 
of  its  surface,  the  coating  was  given  a rating  of  8.  In  this  report,  a 
protection  rating  of  7 indicates  coating  failure,  and  that  maintenance 
or  recoating  is  necessary.  These  ratings  are  given  in  Appendix  C.  The 
general  protection  ratings  are  summarized  in  Table  3.  It  can  be  seen 
from  this  table  that  protection  and  general  performance  were  better  on 
the  Weathered  Coating  Systems  I,  II,  and  III  than  on  the  sandblasted 
steel  panels.  This  is  probably  due  in  large  part  to  the  greater  thickness 
of  the  weathered  coating  system  panels.  Of  the  two  water-emulsion  epoxy 
systems  that  underwent  field  exposure.  Coating  System  1 performed  notably 
better  than  Coating  System  3 on  the  sandblasted  steel  panels,  but  their 
performances  on  the  weathered  coating  system  panels  were  quite  similar. 

As  a matter  of  fact,  the  performance  of  Coating  Systems  1,  3,  4,  5,  and 
6 were  quite  similar  on  the  coated  panels;  none  showed  any  significantly 
better  performance  than  any  other.  Coating  System  4 performed  slightly 
better  than  Coating  System  6 on  the  sandblasted  steel  panels  and  much 
better  than  Coating  Systems  1,  3,  and  5.  The  panels  after  3 yr  of 
exposure  are  shown,  but  not  identified,  in  Figure  7. 
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The  bonding  strength  of  each  coating  system  (on  both  the  front  and 
back  of  each  panel)  was  determined  after  3 yr  of  exposure.  Results  of  ' 

the  initial  and  later  bonding  strength  tests  are  given  in  Tables  4,  5, 
and  6.  These  are  summarized  in  Table  7 for  easier  comparison.  It  can 
be  seen  from  this  table  that  bonding  strengths  were  generally  higher  on 
the  weathered  paint  panels  than  on  the  sandblasted  steel  panels.  Also,  : 

on  two  of  the  four  Weathered  Coating  System  III  panels,  bonding  strengths  I 

were  significantly  less  than  on  corresponding  System  I and  II  panels.  j 

Overall,  the  epoxy  coatings  tended  to  lose  bonding  strength  after  exposure 
and  a slight  tendency  for  the  front  sides  (which  received  direct  solar  ^ 

radiation)  to  be  more  affected  than  the  back  sides.  The  bonding  strengths 
of  panels  coated  with  alkyd  Coating  System  6,  on  the  other  hand,  were 

greatly  increased  upon  weathering.  No  direct  relationship  could  be  i 

found  between  bonding  strength  of  coating  systems  and  field  performance. 


COATING  REPAIR  AT  SAN  NICOLAS  ISLAND 

Water  tank  coating  failures  at  the  Off-lying  Landing  Field  (OLF), 
San  Nicolas  Island,  presented  an  opportunity  for  a field  experiment  in 
comparing  methods  for  repair  of  failed  coatings;  different  surface 
treatments  and  primers  underlying  the  same  high  quality  topcoat  were 
used  (Table  8) . The  previous  coating  system  (Coating  System  1)  on  the 
experimental  tank  had  been  applied  over  a steel  surface  that  was  given  a 
very  deep  surface  profile  when  sandblasted,  resulting  in  minimal  thick- 
nesses of  coats  that  allowed  only  marginal  amounts  of  cover  over  the 
profile  peaks.  Pinpoint  rusting  had  started  even  before  the  final  coat 
was  applied,  presumably  because  of  the  frequent  fogs  and  adverse  weather 
at  the  time  of  application.  This  pinpoint  rusting  led  to  the  condition 
illustrated  in  Figure  8 that  existed  when  the  tank  was  inspected  for 
coating  failure. 

Program  Description 

Performances  of  three  candidate  systems  for  repair  of  the  water 
tank  coating  were  to  be  compared;  a superior  epoxy  topcoat  (based  on 
previous  experience)  was  applied  after  different  surface  treatments  and 
over  different  primers.  The  test  area  selected  had  heavy,  uniform 
pinpoint  rusting;  the  three  1-sq-yd  plots  were  scrubbed  with  a wire 
brush  to  remove  much  of  the  rusting,  its  streaking,  and  other  contamina- 
tion. The  area  was  allowed  to  dry  for  at  least  1/2  hr  before  further 
treatment.  Plot  I (System  7)  was  first  treated  with  a rust-converting 
primer,  scrubbed  with  a brush,  and  allowed  to  stand  for  2 hr;  it  was 
then  thoroughly  washed  with  water  and  air-dried.  In  addition  to  this 
surface  preparation.  Coating  System  7 had  an  amine-cured  epoxy  primer 
coat  applied.  On  Coating  System  9,  the  same  primer  was  used  but  without 
application  of  the  rust -converting  primer.  Coating  System  8 had  an 
epoxy  primer  applied.  All  three  used  the  same  polyamide- cured  epoxy 
topcoat.  Figure  9 shows  the  plots  after  application  of  primer,  and 
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Figure  10,  after  topcoat  application;  the  primer  and  topcoat  applica- 
tions were  made  on  successive  days.  The  products  used  in  each  of  these 
three  coating  systems  are  identified  and  their  sources  given  in  Appendix 
B.  Each  coat  added  about  3 mils  of  dry  film  thickness  to  the  previously 
existing  7-1/2  mils. 

Results 

The  test  plots  were  examined  after  1/2,  1,  and  1-1/2  yr.  After  1/2 
and  1 yr  the  only  coating  deterioration  noted  was  a heavy  chalking  (ASTM 
rating  2).  After  1-1/2  yr.  Plot  III  (Coating  System  9)  had  only  one 
very  small  pinpoint  rust  spot;  Plot  I (Coating  System  7)  had  two  very 
small  rust  spots,  and  Plot  II  (Coating  System  8)  had  some  topcoat  crack- 
ing and  peeling  (Figures  11  and  12).  All  had  some  yellowing  of  the 
topcoat.  Coating  System  9 performed  slightly  better  than  Coating  System  7 
(identical  systems  except  Coating  System  7 was  treated  with  a rust 
converter).  Thus,  it  appears  that  this  rust  converter  treatment  is 
unnecessary. 


FIELD  EXPOSURE  AT  PMR,  POINT  MUGU 

An  antenna  positioner  at  the  Pacific  Missile  Range,  Point  Mugu, 
Calif.,  was  used  as  the  substrate  for  a field  experiment  on  antenna 
coating  repair  systems.  This  steel  structure  (Figure  13)  had  been 
coated  15  mo  earlier  with  a red-lead  pigmented  alkyd  paint  applied  at  a 
2-mil  dry  film  thickness.  The  painted  surface  was  chalky  and  dirty  but, 
except  for  a few  localized  rust  spots,  was  providing  good  protection 
from  corrosion.  The  location  of  the  positioner  on  a spit  between  a 
lagoon  and  the  ocean  provided  exposure  to  sea  spray. 

Antenna  Positioner  Program 

In  the  experimental  design,  32  square  areas  (16  x 16  in.)  were 
used:  16  located  on  the  top  side  of  the  positioner's  base,  12  on  the 
bottom  of  the  base  (Figure  14),  and  4 on  the  arms.  All  32  areas  were 
cleaned  preparatory  to  coating  by  scrubbing  with  a wire  brush.  Sixteen 
of  the  cleaned  areas  were  treated  chemically  with  the  metal  conditioner 
and  rust  converter  as  described  in  the  previous  section  of  this  report, 
which  had  been  shown  (6)  to  provide  a good  base  for  painting  wire-brushed 
steel.  The  brushed  chenical  was  allowed  to  remain  on  the  surface  for 
2 hr,  rinsed  with  water,  and  allowed  to  dry.  The  other  16  areas  were 
only  wiped  free  of  dirt  or  dust  particles  with  a cloth  after  cleaning 
with  the  wire  brush.  The  well-mixed  paints  were  applied  with  a 1-in. 
wide  brush  to  the  test  sections. 

The  materials  used  . n the  coating  systems  were  promising  experimental 
or  proprietary  coatings;  Coating  Systems  10  through  41  listed  in  Table  8 
describe  the  primers  and  opcoats  used.  All  topcoats  were  white. 

Appendix  B gives  the  sources  for  the  materials.  Identifying  numbers 
were  assigned  arbitrarily  to  these  systems,  which  are  described  randomly 
in  the  following. 
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Coating  Systems  10  and  13.  Coating  System  10  used  one  coat  of 
amine-cured  epoxy  primer  and  a topcoat  of  polyamide-cured  epoxy 
MIL-P-24441  (Formula  152).  Coating  System  13  is  similar,  but  the  chemical 
rust  converter  was  used  to  treat  the  test  area. 

Coating  Systems  16  and  19 . Coating  System  16,  consisting  of  the 
same  primer  as  Coating  System  10  but  with  a topcoat  of  polyamide-cured 
epoxy,  performed  best  in  the  San  Nicolas  test.  Coating  System  19  is 
similar,  but  the  chemical  rust  converter  was  used  to  treat  the  test 
area . 

Coating  Systems  11  and  14.  Coating  System  11  used  a coat  of  a 
modified  polyester  solution  (28%)  in  mineral  spirits  with  a topcoat  of 
polyamide-cured  epoxy  MIL-P-24441  (Formula  152) . Coating  System  14  is 
similar,  but  the  chemical  rust  converter  was  used  to  treat  the  test 
area . 


Coating  Systems  17  and  20.  Coating  System  17  used  the  same  first 
coat  as  Coating  System  11  and  a topcoat  of  a polyamide-cured  epoxy. 
Coating  System  20  is  similar  but  the  chemical  rust  converter  was  used  to 
treat  the  test  area. 

Coating  Systems  12  and  15.  Coating  System  12  used  one  coat  of 
polyamide-cured  epoxy  primer  MIL-P-24441  (Formula  150)  and  a topcoat  of 
polyamide-cured  epoxy  MIL-P-24441  (Formula  152) . Coating  System  15  is 
similar,  but  the  chemical  rust  converter  was  used  to  treat  the  test 
area . 

Coating  Systems  18  and  21.  Coating  System  18  used  the  same  primer 
as  Coating  System  12  with  a topcoat  of  a polyamide-cured  epoxy.  Coating 
System  21  is  similar,  but  the  chemical  rust  converter  was  used  to  treat 
the  test  area. 

Coating  Systems  22  and  25.  Coating  System  22  used  one  coat  of  a 
CEL  experimental  underwater-applicable  epoxy  coating  (7)  and  a topcoat 
of  polyamide-cured  epoxy  MIL-P-24441  (Formula  152).  Coating  System  25 
is  similar  but  the  chemical  rust  converter  was  used  to  treat  the  test 
area . 

Coating  Systems  23  and  26.  Coating  System  23  was  identical  to  that 
of  Coating  System  22  except  that  4%  of  an  organotin  wetting  agent  (the 
reaction  product  of  bis  tri-n-butyltin  oxide  with  a vegetable  acid)  was 
added  to  the  primer.  Coating  System  26  is  similar,  but  the  chemical 
rust  converter  was  used  to  treat  the  test  area. 

Coating  Systems  28  and  31.  Coating  System  28  used  the  primer  of 
Coating  System  22  and  a topcoat  of  polyamide-cured  epoxy.  Coating 
System  31  is  similar,  but  the  chemical  rust  converter  was  used  to  treat 
the  test  area. 

Coating  Systems  29  and  32.  Coating  System  29  was  identical  to  that 
of  Coating  System  28  except  that  4%  of  the  organotin  wetting  agent  was 
added  to  the  primer.  Coating  System  32  is  similar  but  the  chemical  rust 
converter  was  used  to  treat  the  test  area. 
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Coating  Systems  24  and  27.  Coating  System  24  used  a coat  of  an 
experimental  ultraviolet-cured  coating  with  a topcoat  of  polyamide-cured 
epoxy  MIL-P-24441  (Formula  152).  This  system  gave  the  best  protection 
in  the  second  series  of  accelerated  salt  spray  testing,  described  later 
in  this  report.  Coating  System  27  is  similar,  but  the  chemical  rust 
converter  was  used  to  treat  the  test  area. 

Coating  Systems  30  and  33.  Coating  System  30  used  the  ultraviolet- 
cured  coating  of  System  24  and  a topcoat  of  polyamide-cured  epoxy. 

Coating  System  33  is  similar,  but  the  chemical  rust  converter  was  used 
to  treat  the  test  area. 

Coating  Systems  34  and  40.  Coating  System  34  consisted  of  an 
experimental  primer  with  very  fine  particles  of  zinc/zinc-oxide  alloy  in 
a medium  oil  alkyd  carrier  with  a topcoat  of  polyamide-cured  epoxy 
MlL-P-24441  (Formula  152).  Coating  System  40  is  similar  but  the  chemical 
rust  converter  was  used  to  treat  the  test  area. 

Coating  Systems  36  and  41.  Coating  System  36  used  the  same  primer 

as  Coating  System  34  with  a topcoat  of  a polyamide-cured  epoxy.  Coating 

System  41  is  similar  but  the  chemical  rust  converter  was  used  to  treat 
the  test  area. 

Coating  Systems  35  and  38.  Coating  System  35  consists  of  quick- 
drying coatings  that  have  found  good  use  on  towers  at  Vandenberg  Air 

Force  Base  where  frequent  fogs  limit  paint  curing  times.  It  consisted 
of  one  coat  of  a chlorinated  rubber  zinc-rich  primer  and  a high  build 
chlorinated  rubber  topcoat.  Coating  System  38  is  similar  but  the  chemical 
rust  converter  was  used  to  treat  the  test  area. 

Coating  Systems  37  and  39.  Coating  System  37 , recommended  by  the 
coating  specialist  at  PMR,  consisted  of  one  coat  of  an  inorganic  zinc 
primer  and  an  acrylic  enamel  topcoat.  Coating  System  39  is  similar  but 
the  chemical  rust  converter  was  used  to  treat  the  test  area. 

Results 

Inspection  and  rating  of  the  test  coatings  were  done  monthly,  using 
the  previously  discussed  rating  system.  The  ratings  for  the  third  month  of 
exposure  are  shown  in  Table  9.  All  systems  showed  some  discoloration. 
Coating  System  22  exhibited  spotting.  Wrinkling  occurred  on  Coating 
Systems  35,  36,  and  38  through  41.  Monthly  inspections  will  continue 
during  the  coming  year. 


SALT  SPRAY  EXPOSURE  OF  COATING  SYSTEMS 

The  salt  spray  test*  provides  a relatively  quick  procedure  for 
scanning  coatings  to  determine  their  ability  to  protect  steel  from 


* 

Federal  Test  Method  Standard  No.  141A  (6), 
Method  6061. 
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corrosion.  In  this  procedure  coated  panels  are  exposed  in  an  atmosphere 
of  5%  or  20%  salt  spray  and  a temperature  of  approximately  95F  in  an 
enclosed  chamber.  This  type  of  accelerated  exposure  produces  results 
that  make  it  possible  to  anticipate  differences  in  field  performance 
between  inferior  coating  systems  and  those  that  give  good  or  superior 
performance.  Some  of  the  systems  exposed  in  the  salt  spray  chamber  were 
the  same  as  those  placed  on  exposure  on  the  antenna  positioner  at  Point 
Mugu.  Thus,  a comparison  can  be  made  of  the  performance  of  these  systems 
This  5%  salt  spray  test  was  used  on  two  series  of  different  coating 
systems . 

First  Series  — Different  Preparations 

Program  Description.  The  first  series  of  coatings  tested  were 
single  coats  of  three  experimental  coatings  with  two  different  surface 
preparations . 

1.  Coating  Systems  42  and  43  used  an  experimental  coating  that 
cures  very  rapidly  when  exposed  to  ultraviolet  light. 

2.  Coating  Systems  44  and  45  used  CEL  underwater  epoxy  (7)  which 
wets  surfaces  very  well  because  it  contains  blown  fish  oil  and  can  be 
applied  at  a good  thickness  because  of  its  high  solids  content. 

3.  Coating  Systems  46  and  47  used  the  same  CEL  underwater  epoxy 
with  4%  of  an  organotin  wetting  agent  (the  reaction  product  of  bis 
tri-n-butyltin  oxide  with  a vegetable  acid)  added. 

Twenty-four  steel  panels  (12  x 6 x 1/8  in.)  were  corroded  to  a 
near-uniform  surface  condition  in  a 5%  salt  spray  cabinet.  These  were 
then  cleaned  by  manual  wire-brushing,  washing  in  distilled  water,  rins- 
ing in  methyl  ethyl  ketone,  and  air  drying.  Half  (Coating  Systems  42, 

44,  46)  were  then  coated.  The  other  half  (Coating  Systems  43,  45,  47) 
were  given  a surface  treatment  before  coating.  This  treatment  consisted 
of  brushing  on  the  same  metal  conditioner  and  rust  converter  used  in  the 
experiments  reported  earlier,  allowing  to  remain  overnight,  removing  by 
scrubbing  twice  with  distilled  water,  rinsing  with  methyl  ethyl  ketone, 
and  air  drying. 

All  coatings  were  applied  to  the  test  panels  with  a 1-in.  wide 
brush.  The  ultraviolet-cured  coating  was  allowed  to  stand  for  15  min 
after  application  and  then  cured  for  10  min  to  a hard,  transparent, 
smooth  surface*  by  exposing  it  to  an  ultraviolet  light  held  about  1-ft 
away.  The  product  has  a very  short  shelf  life.  Half  of  each  set  of 
surface  treated  and  untreated  panels  were  scribed  to  bare  metal  with  an  X 

The  coated  panels  were  placed  in  a 5%  salt  spray  cabinet  and  rated 
periodically.  Figures  15  through  26  show  the  panels  before  and  after 
exposure.  The  rating  system  was  the  same  as  that  used  in  Reference  5 


When  other  batches  of  this  product  were  used  on 
other  occasions,  lumps  were  present  in  the  wet  paint 
so  that  a bumpy  finish  was  obtained  on  the  cured  coating. 
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that  utilizes  ASTM  photographic  standards  where  available.  The  ratings 
ranged  from  a high  of  10  to  a low  of  0.  General  protection  ratings  were 
the  percentage  of  protected  (undamaged)  area  divided  by  10.  Results  of 
the  testing  are  presented  in  Table  10  and  Figures  16,  18,  20,  22,  24, 
and  26. 

Results . The  two  CEL  underwater  epoxies  performed  very  well  and 
provided  good  general  protection  for  all  180  days  of  testing.  The 
ultraviolet-cured  coating  provided  good  general  protection  for  only 
about  86  days.  Overall,  the  panels  that  received  treatment  with  the 
surface  conditioner  performed  no  better  than  the  ones  that  did  not. 

Second  Series  - Ultraviolet-Cured  Coating 

Program  Description.  The  second  series  was  run  to  determine  if 
topcoating  the  ultraviolet-cured  coating  would  improve  its  ability  to 
protect  steel  from  rusting.  Twenty-four  6 x 2-1/2  x 1/8-in.  steel 
panels  were  sandblasted  to  a white  metal  finish  (Steel  Structures  Paint- 
ing Council  Surface  No.  5).  Groups  of  four  panels  were  coated  with  one 
coat  of  ultraviolet-curing  coating  as  described  for  the  first  series  of 
this  section  and  a topcoat  of  one  of  the  five  coatings  listed  below: 

Coating  Systems  Topcoating 


48 

Silicone  Alkyd  Enamel 
MIL-E-46141 

49 

Epoxy  Polyamide  MIL-P-24441 
(Formula  152)  (same 
as  System  24) 

50 

Medium  Length  Alkyd 

Enamel  TT-E-485 

51 

Proprietary  Phenolic 
Silicone  Alkyd  Enamel 

52 

Alkyd  Enamel  TT-E-489 

53 

Control  (No  topcoat) 

Results . Two  panels  from  each  set  of  four  were  scribed  to  bare 
metal  with  a 2-in.  long  X.  Salt  spray  exposure  and  ratings  were  made  as 
described  for  the  first  series.  The  control  panels  failed  after  74 
days,  but  the  other  panels  were  rated  for  155  days.  At  this  time  the 
ratings  from  high  to  low  with  the  average  general  protection  rating  in 
parenthesis  were: 
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Coating  Systems  Topcoating  Rating 

49  Epoxy  Polyamide  9- 

50  Medium  Length  Alkyd  8+ 

Enamel 

52  Alkyd  Enamel  8- 

51  Proprietary  Phenolic  7+ 

Silicone  Alkyd 
Enamel 

48  Silicone  Alkyd  Enamel  7 


Detailed  ratings  are  presented  in  Table  11.  It  can  be  seen  from  these 
ratings  that  the  topcoating  greatly  increased  the  level  of  protection 
from  corrosion  in  the  laboratory  salt  spray  chamber. 


CONCLUSIONS 

1.  Coating  steel  panels  with  epoxy  emulsion  paint  provides  satisfactory 
patching  repair  of  damaged  coatings  for  tropical  exposure.  A slight 
loss  of  bonding  strength  of  the  epoxy  emulsion  coatings  to  steel  was 
experienced  when  exposed  to  direct  solar  radiation  for  a period  of  time. 

2.  An  ultraviolet  radiation-curing  coating  is  a fast-curing  coating, 
but,  as  demonstrated  in  accelerated  laboratory  exposure  in  a salt  spray 
cabinet,  topcoating  is  necessary  for  maximum  long-term  protection. 

3.  The  epoxy  underwater  paint  developed  by  CEL  provided  excellent 
coating  protection  for  steel  panels  when  exposed  in  the  salt  spray 
cabinet  but  the  high  solid  content  presented  a problem  in  brushing 
application. 


FUTURE  PLANS 

The  following  are  planned  for  the  future: 

1.  Periodic  examination  and  rating  of  the  experimental  paints  exposed 
at  Point  Mugu. 

2.  Development,  in  cooperation  with  a private  contractor,  of  coatings* 
plus  methods  of  surface  preparation  and  application  of  repair  systems. 

3.  Laboratory  and  field  evaluation  of  coatings  developed  in  item  2. 


Containing  organo  pyrophosphate  titanate  and  other 
components  that  would  result  in  easy  application  and 
rapid  drying. 
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Figure  3.  Spot-primed,  weathered  paint  panels  (left  to  right, 
Systems  II  and  I). 
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Lgure  U.  Painted  panels  before  and  after  steel  probes  attached  for 
bonding  strength  test. 


Figure  6.  Experimental  panels  on  exposure  rack  at  Kwajalein  Missile 
Range,  Marshall  Islands. 


sha 
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Figure  8.  Pinpoint  rusting  on  coated  water  tank  exterior  at  San 
Nicolas  Island. 


Figure  9.  Brush-priming  of  Plot  II. 
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Figure  10.  Tank  plots  immediately  after  topcoating. 


Figure  11.  Tank  plots  after  1-1/2  yr  exposure. 


Figure  12.  Plot  11  (System 


Figure  13.  Antenna  positioner  a 
half  of  base  with  ma; 


Base  of  antenna  positioner  with  twelve 
experimental  areas  coated  with  paint 
systems  10  through  21. 


.(j  Figure  15.  Untreated  panel  with  ultraviolet-cured 

coating  (System  42)  before  salt  spray 
exposure . 
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Figure  17.  Treated  panel  with  ultraviolet-cured 
coating  (System  43)  before  salt  spray 
exposure. 
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Figure  18.  Treated  panel  with  ultraviolet-cured 
coating  (System  43)  after  salt  spray 
exDosure. 


Figure  19.  Untreated  panel,  CEL  underwater  epoxy 

(System  44),  before  salt  spray  exposure. 
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Figure  20 


Untreated  panel,  CEL  underwater  epoxy 
(System  44),  after  salt  spray  exposure 


Figure  21.  Treated  panel,  CEL  underwater  epoxy 

(System  45),  before  salt  spray  exposure. 


Figure  24.  Untreated  panel,  CEL  underwater 

epoxy  (System  46)  with  organotin, 
after  salt  spray  exposure. 


Figure  25.  Treated  panel,  CEL  underwater  epoxy 
(System  47)  with  organotin,  before 
salt  spray  exposure. 
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Figure  26.  Treated  panel,  CEL  underwater  epoxy 
(System  47)  with  organotin,  after 
salt  spray  exposure. 
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Table  1.  Design  of  Experiment  on  Epoxy  Coatings  Showing  Numbers  of 
Panels,  Methods  of  Surface  Preparation,  and  Coating  Application 


Test  Coating  System 

Sandblasted 

Weathered^ 

Weathered^ 

Weathered^ 

Total  for 

Application 

Description 

Designation 

Steel 

System  I 

System  II 

System  111 

System 

Method 

Water-Emulsion  Epoxy 

^b 

2 

2 

2 

1 

B 

sprayed 

Water-Emulsion  Epoxy 

2^ 

2 

2 

2 

1 

sprayed 

Water-Emulsion  Epoxy 

3*’ 

2 

2 

2 

1 

sprayed 

Low  Solvent  Epoxy 

4 

2 

2 

2 

1 

brushed 

Regular  Solvent  Epoxy 

5 

2 

2 

2 

1 

sprayed 

TT-P-489/rT-P-645/ 

MIL-P-15328 

6 

2 

2 

2 

0^ 

■ 

sprayed 

TOTALS 

12 

12 

12 

5 

41 

- 

“Power  wire-brushed,  spot-primed  with  TT-P-645. 
^Water-emulsion  epoxies  1 and  3 were  polyamide-cured. 
^Water-emulsion  epoxy  2 was  poly  amine-cured. 

‘^No  panels  available. 


Table  2.  Identification  and  Thickness  of  Each  Coat 
on  Sandblasted  Steel  Panels 


Coating 

System 

Dry  Film  Thickness  of  Individual 

Coatings  (mil)^’  ^ 

Total  Dry 

Film  Thickness 
(mils) 

Primer 

Intermediate 

lopcoat 

1 

2 

2 

9 

MM 

2 

4 

- 

4-1/2+ 

13 

4-1/2 

3 

3-1/2 

- 

3-1/2+ 

10-1/2 

3-1/2 

4 

3-1/2+ 

- 

10 

3-1/2+ 

3 

5 

2 

- 

3-1/2+ 

9-1/2 

4 

6 

1/2 

2-1/2 

3+ 

9 

3 

“Thickness  measurements  were  made  with  magnetic  gages. 

^See  Appendix  B for  identification  and  source  of  individual  coatings. 
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Table  3.  General  Protection  Ratings  for  Three  Years  at 
Half-Year  Intervals 


Substrate 

Condition 


protection  Ratings  for  Following  Number 
of  Years— 


1/2 

1 

1-1/2 

2 

2-1/2 

System  1,  Water-Emulsion  Epoxy 


Sandblasted  Steel 

8+;8+ 

8 i8 

8-  ; 8 

8-  i8 

7 ;7 

Weathered  System  1 

8+i9- 

8+;8^ 

8 ;8+ 

8 i8 

8 ;8 

Weathered  System  11 

8+;8+ 

8 i8 

8 ;8 

8 ;8 

8 ;8 

Weathered  System  HI 

9- 

8+ 

8+ 

8+ 

8+ 

System  3,  Water-Emulsion  Epoxy 

Sandblasted  Steel 

8-  :8- 

7 i7 

6 i6 

4 ;4 

2 -.2 

Weathered  System  ! 

9+J9+ 

9 i9 

9 ;9- 

9 ;9- 

8 ;8 

Weathered  System  11 

9 !9 

8+i  8+ 

8+i8-t 

8+;8 

8 i8 

Weathered  System  III 

9 

8+ 

8+ 

8 

8- 

System  4,  Low  Solvent  Epoxy 


Sandblasted  Steel 

BBI 

■Ba 

8+i  8+ 

8 ;8 

8 ;8 

Weathered  System  I 

Wmm 

9+i9 

9 i9- 

9 i8+ 

Weathered  System  II 

9 i9 

9-  i9- 

8+i  8 

Weathered  System  lU 

m 

WM 

9+ 

9- 

8+ 

System  5,  Regular  Solvent  Epoxy 


Sandblasted  Steel 

8 i8 

7 i7 

6 i7- 

4 i4 

2 i2 

Weathered  System  1 

9 i9+ 

8+i  9+ 

8+i  9 

8 i9- 

8 i8+ 

Weathered  System  II 

9+i  8+ 

9 i8+ 

9 i8 

9 i8 

8 i8 

Weathered  System  III 

9+ 

9- 

9- 

8+ 

8 

System  6,  TT-E-489/TT-P-645/MIL-P-1S328 


Sandblasted  Steel 
Weathered  System  I 
Weathered  System  II 
Weathered  System  III 


8 ;8 
9+i9- 
9 i9 


8 i8 

9-  i9- 
9-  ;9- 


8 ;8 
9-  !9- 
9-  i8+ 


8 i8- 

9-  i8+ 

8 ;8'i' 


8-  ;8- 
8+;  8 
8 i8 


Table  4.  Bonding  Strength  of  Uncxposed  Coating  Systems^ 


Bonding  Strength  (kg/sq  cm)  for  Following- 

Coating  Systems 

Sandblasted 

Steel 

Weathered 
System  1 

Weathered 
System  11 

Weathered 
System  HI 

1,  Water-Emulsion  Epoxy^ 

42.0;  39.5;  34.5 

54.5;  41.5;  59.0 

64.0;  90.5;  64.5 

43.5:63.5:62.0 

60.5;  59.0:61.5 

60.5;  55.5;  52.5 

37.0;  38.5;  38.5 

2,  Water-Emulsion  Epoxy^ 

0.5:  1.0;  1.0 
1.0;  1.5;  1.0 

0.5;  0.5:  1.0 

0.5;  0.5:  1.0 

0.5;  1.0;  1.5 
0.5;  0.5;  0.5 

0.5;  0.5;  0.5 

3,  Water-Emulsion  Epoxy^ 

40.0;  32.0;  47.0 
43.0;  40.0;  48.0 

108.0;  80.0;  92.5 
47.0;  56.0;  119.0 

50.0;  49.0;  54.0 
68.5;  56.5:68.5 

70.0;  62.0;  52.0 

4,  Low  Solvent  Epoxy 

19.5;  15.0;  12.0 
14.0;  16.0;  18.0 

40.5;  56.5:46.5 
73.0;  51.0;  80.0 

48.0:68.5;  52.0 
46.0;  52.0;  37.0 

34.0;  24.0;  24.5 

5,  Regular  Solvent  Epoxy 

37.0:46.0;  48.0 
34.5;  44.5:  59.0 

66.5:  54.5;  59.0 
90.0;  102.0;  109.0 

63.0:61.0:65.5 

98.5:76.5:67.5 

58.5:51.5:63.5 

6,  TT-P-489/TT-P-645/ 

9.0;  8.0;  8.0 

27.5;  19.5;  22.0 

20.5;  26.5;  24.0 

e 

M1L-P-15328‘^ 

7.0;  4.5;  8.5 

30.5;  31.5;  28.0 

21.5;  21.5;  17.5 

^Three  steel  probes  were  pulled  from  two  sandblasted  and  Weathered  Systems  1 and  II 
panels,  but  from  only  one  of  the  Weathered  System  III  panels. 

^Polyamide-cured. 

^Polyaminc-curcd. 

^All  System  6 panels  failed  by  delamination  of  coats;  all  others  had  cohesive  failure  of 
the  entire  paint  system. 

^No  Weathered  System  III  panel  was  available  for  coating  System  6. 


Table  5.  Bonding  Strengtli  of  Back  Side  of  Coating  Systems 
After  3-yr  Exposure 


Bonding  Strength  (kg/sq  cm)  for  Following- 

Coating  Systems 

Sandblasted 

Steel 

Weathered 
System  1 

Weathered 
System  11 

Weathered 
System  III 

1,  Water-Emulsion  Epoxy 

24.7;  24.0;  25.5 
24.3;  24.1;  15.0 

70.0;  91.5;  76.0 
80.0;  72.0;  73.0 

57.5:88.5:85.1 
105.0;  90.0;  58.0 

23.8;  16.7;  22.2 

3,  Water-Emulsion  Epoxy 

28.0;  18.5;  25.0 
41.3;  32.4;  32.2 

70.0;  54.5;  38.0 
58.5:60.5:48.0 

61.5:91.5:62.5 
59.0;  50.0;  60.1 

65.0;  57.0;  54.0 

4,  Low  Solvent  Epoxy 

16.8;  12.8;  15.6 
14.5;  7.5;  15.4 

21.0;  22.8;  18.4 
19.5:21.5:21.0 

25.5;  24.5;  25.0 
19.5:23.8;  35.5 

9.6:  17.5;  18.8 

5,  Regular  Solvent  Epoxy 

61.7;  36.5;  27.2 
30.5;  36.2;  27.2 

43.5:41.3:48.0 
36.3:41.2:  35.4 

95.0;  77.0:45.0 
82.8:43.8:47.6 

50.0;  93.4;  58.6 

6,  TT-P-489/TT-P-645/ 
MIL-P-15328 

18.5;  27.7;  28.6 
38.5:45.0;  33.0 

66.4;  55.5:  35.0 
49.7:68.0:42.5 

65.0:48.0:44.0 
55.0;  33.0;  37.0 

- 
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Table  6.  Bonding  Strength  of  Front  Side  of  Coating  Systems 
After  3-yr  Exposure 


Bonding  Strength  (kg/sq  cm)  for  Following- 

Sandblasted 

Steel 

Weathered 
System  1 

Weathered 
System  II 

Weathered 
System  111 

1,  Water  Emulsion  Epoxy 

18.3;  16.4;  15.2 
40.0;  11.2;  11.2 

57.5;  39.5;  49.5 
62.0;  65.0;  88.0 

40.0;  52.0;  43.0 
41.0;  61.0;  40.0 

25.0;  28.2;  21.0 

3.  Water  Emulsion  Epoxy 

23.5;  26.0;  25.0 
25.0;  26.7;  15.2 

47.2;  65.0;  46.5 
37.0;  38.5;  75.0 

48.5;  60.0;  54.0 
59.5;  36.2;  40.4 

41.0;  27.0;  55.0 

4,  Low  Solvent  Epoxy 

17.3;  16.5;  14.2 
16.4;  15.0;  21.2 

30.0;  21.3;  29.4 
40.3;  40.5;  26.4 

39.6;  24.8;  44.0 
68.0;  17.7;  75.0 

26.8;  29.5;  18.5 

5,  Regular  Solvent  Epoxy 

27.0;  26.3;  21.8 
29.5;  37.5;  36.3 

95.0;  70.0;  55.0 
24.0;  30.4;  39.7 

68.0;  45.0;  45.0 
54.0;  42.0;  44.5 

39.8;  38.2;  47.0 

6.  TT-P-489/TT-P-645/ 
MILP-15328 

20.0;  17.3;  17.8 
41.6;  37.7;  42.0 

47.0;  34.0;  51.0 
58.0;  49.0;  34.0 

50.0;  32.0;  43.0 
33.0;  53.0;  36.0 
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Table  7.  Average  of  Three  Bonding  Strengths  Determined  Originally  (Before  Exposure) 
and  on  Backs  and  Fronts  of  Panels  After  3-yr  Exposure 
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Table  8.  Identification  of  Coating  Systems  Used  at  San  Nicolas,  PMR,  and  Salt  Spray  lixposure 


System 

No. 

Primer 

Topcoat 

Surface 

Treatment^ 

Dry  Film 
Thickness 
(mil) 

San  Nicolas  Island  Exposure 

7 

Epoxy  amine-cured 

Epoxy  polyamide-cured 

2 

14 

8 

Epoxy 

Epoxy  polyamide-cured 

1 

14 

9 

Epoxy  amine-cured 

Epoxy  polyamide-cured 

I 

14 

PMR,  Point  Mugu  Exposure 

10 

Epoxy  amine-cured 

MIL-P-24441-152“ 

1 

8 to  9 

11 

Epoxy  amine-cured 

MIL-P-24441-152“ 

1 

4 to  5 

12 

MlL-P-24441-150" 

MIL-P-24441-152“ 

1 

8 to  10 

13 

Epoxy  amine-cured 

MIL-P-24441-152“ 

2 

7 to  8 

14 

Epoxy  aminc-cured 

MIL-P-24441-152“ 

2 

4 to  5 

15 

MIL-P- 24441-1 50“ 

M1L-P-24441-152“ 

2 

6 to  8 

16 

Epoxy  aminc-cured 

Epoxy  polyamide-cured 

1 

8 to  10 

17 

Epoxy-polyester 

Epoxy  polyamide-cured 

1 

7 to  9 

18 

MIL-P-24441-150“ 

Epoxy  polyamide-cured 

1 

8 to  10 

19 

Epoxy  amine-cured 

Epoxy  polyamide-cured 

2 

10  to  12 

20 

Epoxy-polyester 

Epoxy  polyamide-cured 

2 

7 to  9 

21 

M1L-P-24441-150“ 

Epoxy  polyamide-cured 

2 

7 to  10 

22 

CEL  epoxy  without  organotin  additive 

MIL-P-24441-152“ 

1 

7 to  12 

23 

CEL  epoxy  with  organotin  additive 

MIL-P-24441-152" 

1 

8 to  11 

24 

Ultraviolet  curing  coating 

M1L-P-24441-152“ 

1 

15  to  21 

25 

CEL  epoxy  without  organotin  additive 

MIL-P-24441-152“ 

2 

8 to  10 

26 

CEL  epoxy  with  organotin  additive 

MIL-P-24441-152“ 

2 

11  to  14 

27 

Ultraviolet  curing  coating 

MIL-P-24441-152“ 

2 

11  to  18 

28 

CEL  epoxy  without  organotin  additive 

Epoxy  polyamide-cured 

1 

8 to  1 1 

29 

CEL  epoxy  with  organotin  additive 

Epoxy  polyamide-cured 

1 

13  to  18 

30 

Ultraviolet  curing  coating 

Epoxy  polyamide-cured 

1 

17  to  19 

31 

CEL  epoxy  without  organotin  additive 

Epoxy  polyamide-cured 

2 

1 1 to  16 

32 

CEL  epoxy  with  organotin  additive 

Epoxy  polyamide-cured 

2 

11  to  15 

33 

Ultraviolet  curing  coating 

Epoxy  polyamide-cured 

2 

1 1 to  17 

34 

Zinc-zinc  alloy  in  medium  oil  alkyd 

MIL-P-24441-152“ 

1 

6 to  8 

35 

Zinc-rich  chlorinated  rubber 

Chlorinated  rubber 

1 

8 to  12 

36 

Zinc-zinc  alloy  in  medium  oil  alkyd 

Epoxy  polyamide-curcd 

1 

8 to  12 

37 

Inorganic  zinc  rich 

Acrylic 

I 

9 to  1 2 

38 

Zinc-rich  chlorinated  rubber 

Chlorinated  rubber 

2 

7 to  10 

39 

Inorganic  zinc  rich 

Acrylic 

2 

8 to  15 

40 

Zinc-zinc  alloy  In  medium  oil  alkyd 

MIL-P-24441-152“ 

2 

6 to  9 

41 

Zinc-zinc  alloy  in  medium  oil  alkyd 

Epoxy  polyamide-cured 

2 

6 to  10 

Salt  Spray  Exposure 

1 

42 

Ultraviolet  curing  paint 



1 

4 

43 

Ultraviolet  curing  paint 

— 

2 

4 

44 

CEL  underwater  epoxy 

— 

1 

12 

continued 
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Table  8.  Continued 


System 

No. 

Primer 

Topcoat 

Surface 

Treatment^ 

Dry  Film 
Thickness 
(mil) 

Salt  Spray  Kxposure  (Continued) 

45 

CEL  underwater  epoxy 

2 

13 

46 

CEL  epoxy  with  tin  compound 

— 

1 

13 

47 

CEL  epoxy  with  tin  compound 

— 

2 

16 

48 

Ultraviolet  curing  paint 

Silicone  alkyd  enamel 

— 

4 

49 

Ultraviolet  curing  paint 

Epoxy  polyamide-cured 

— 

6 

50 

Ultraviolet  curing  paint 

Medium  length  alkyd  enamel 

— 

5 

51 

Ultraviolet  curing  paint 

Phenolic  silicone  alkyd  enamel 

— 

5 

52 

Ultraviolet  curing  paint 

Alkyd  enamel 

— 

5 

53 

Ultraviolet  curing  paint 

— 

— 

4 

^MIL*P-24441  is  epoxy  polyamide-cured. 

^ 1 = Hand  wire-brushed. 

2 = Hand  wire-brushed,  treated  with  mangancsed-phospholene  No.  7. 
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Test 

Section 

No. 

Discoloration 

Chalking 

Checking 

Peeling 

Rusting, 
Type  1 

Blistering 

10 

10" 

10 

10 

10 

10 

10 

11 

9 

10 

10 

10 

10 

10 

12 

9 

10 

10 

10 

10 

10 

13 

10" 

10 

10 

10 

10 

10 

14 

9 

10 

10 

10 

10 

10 

15 

9 

10 

10 

10 

10 

10 

16 

9 

10 

10 

10 

10 

10 

17 

8 

10 

10 

10 

10 

10 

18 

9" 

10 

10 

10 

10 

10 

19 

9" 

10 

10 

10 

10 

10 

20 

8 

10 

10 

10 

10 

10 

21 

8 

10 

10 

10 

10 

10 

22 

9" 

10 

10 

10 

10 

10 

23 

9" 

10 

10 

10 

10 

10 

24 

9" 

10 

10 

10 

10 

10 

25 

9 

10 

10 

10 

10 

10 

26 

9 

10 

10 

10 

10 

10 

27 

9- 

10 

10 

10 

10 

10 

28 

9" 

10 

10 

10 

10 

10 

29 

9“ 

10 

10 

10 

10 

10 

30 

9" 

10 

10 

10 

10 

10 

31 

9 

10 

10 

10 

10 

10 

32 

9 

10 

10 

10 

10 

10 

33 

9 

10 

10 

10 

10 

10 

34 

9/6 

10 

10 

10 

10 

10 

35 

9/6 

10 

10 

10 

10 

10 

36 

9/6 

10 

10 

10 

10 

10 

37 

9/6 

10 

10 

10 

10 

10 

38 

9 

10 

10 

10 

mSm 

10 

39 

9 

10 

10 

10 

HEI 

10 

40 

9 

10 

10 

10 

10 

41 

9 

10 

10 

10 

■I 

10 

Remarks 


Spotting 


Wrinkling 

Wrinkling 

Wrinkling 

Wrinkling 

Wrinkling 

Wrinkling 
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Table  10.  Panel  Ratings  of  Coating  Systems  42  Through  47  Alter 


I Refer  to  Remarks  eolumn  for  each  asterisked  iic  t 


Rating  for  I-ollowing  Prop 

erties 

Kxposure 

(days) 

Panel 

(Icneral 

Discoloration 

chalking 

Alligatoring. 

Checking. 

Scaling. 

Plaking, 

Rusting 

Ruvi  II 

Protection 

Si,  ril*i 

Cracking 

Peeling 

Type  1 

l ype  II 

Svstem  42 

1 

10 

10 

10 

10 

10 

10 

10 

10 

2 

10 

10 

10 

10 

10 

10 

10 

3 

10 

10 

10 

10 

10 

10 

10 

1,/s 

1 

4 

10 

10 

10 

10 

10 

10 

10 

I./S 

1 1 

1 

10 

- 

10 

10 

9 

10 

27 

2 

10 

— 

— 

10 

10 

9 

10 

3 

9* 

• 

— 

10 

10 

9 

10 

L/S 

1 

4 

9"^ 

• 

— 

10 

10 

9 

10 

US 

I. 

10" 

— 

10 

10 

10 

9 

54 

2 

10" 

— 

— 

10 

10 

10 

9 

3 

9 

— 

_ 

10 

10 

8 

9 

M/s 

I 

4 

9 

— 

— 

10 

10 

8 

9 

M/S 

1 

10- 

« 

— 

10 

10 

9 

10 

86 

2 

10- 

• 

— 

10 

10 

9 

10 

3 

10 

— 

10 

10 

9 

10 

M/S 

M 

4 

10 

• 

— 

10 

10 

9 

10 

M S 

M 

1 

9 

* 

10 

10 

10 

9 

9 

104 

2 

9 

• 

10 

10 

10 

9 

9 

3 

7 

* 

10 

10 

10 

8 

8 

ll/s 

If 

4 

7 

• 

10 

10 

10 

8 

8 

ll/s 

11 

1 

8 

• 

10 

10 

10 

9 

9 

131 

2 

8 

• 

10 

10 

10 

9 

9 

3 

6 

• 

10 

10 

10 

8 

8 

ll/s 

II 

4 

6 

• 

10 

10 

10 

8 

8 

ll/s 

II 

1 

7 

• 

10 

10 

10 

9 

9 

180 

2 

3 

7 

• 

10 

10 

10 

9 

9 

5 

10 

10 

10 

8 

8 

ll/s 

M 

4 

5 

• 

10 

10 

10 

8 

8 

ll/s 

II 

System  43 

1 

1 

10 

10 

10 

10 

10 

10 

10 

2 

10 

lo 

10 

U) 

10 

10 

3 

10 

10 

10 

10 

10 

10 

I./S 

L 

4 

U) 

10 

10 

10 

10 

10 

1./S 

I. 

1 

- 

•— 

10 

10 

10 

10 

27 

• 

10 

10 

10 

10 

10 

9 

10 

10 

L/S 

M 

IDI 

9* 

• 

— 

10 

10 

9 

10 

L/S 

M 

NOTK;  Meaning  of  abbreviations  — 

VI.  « very  light 

M * medium 

1 lew 

O/L  - light  rusting  in  scribe 

L/S  s light  tuberculai 

S » slight 

II  * heavy 

I>  *•  lit  nse 

O/M  = medium  rusting  in  scribe 

M/S  * medium  tuben 

0.  Panel  Ratings  of  Coating  Systems  42  Through  47  After  5%  Salt  Spray  Exposure 


I Refer  to  Remarks  column  for  each  asterisked  item.) 


Rating  for  following  Properties  — 

Scaling, 

Rusting 

Rusting 

Blistering 

Undercutting 

Blistering 

Dry  Kilm 
Thickness 

Remarks 

Scribe 

Scribe 

Peeling 

Type  1 

1 ype  11 

(mils) 

System  42 


10 

10 

10 

10 

1 

10 

3 

10 

10 

10 

10 

10 

4 

10 

10 

10 

l./S 

L 

10 

10 

10 

4 

10 

10 

10 

l,/S 

L 

10 

10 

10 

5 

10 

9 

10 

10 

10 

10 

9 

10 

10 

10 

10 

9 

10 

L/S 

L 

10 

10 

Rust  stain  from  scribe. 

10 

9 

10 

I./S 

L 

10 

10 

— 

Rust  stain  from  scribe. 

10 

10 

9 

H/F* 

10 

Top  edge. 

10 

10 

9 

8/ 1* 

10 

Top  edge. 

10 

8 

9 

M/S 

L 

8/I' 

10 

10 

10 

« 

9 

M/s 

L 

8/F 

10 

10 

10 

9 

10 

10 

Rust  stain  from  top  edge. 

10 

9 

10 

10 

Rust  stain  from  top  edge. 

10 

9 

M/S 

M 

10 

10 

10 

Rust  stain  from  top  edge  and  scribe. 

10 

9 

M S 

M 

10 

10 

10 

Rust  stain  from  top  edge  and  scribe. 

10 

9 

9 

8 

10 

Rust  stain  from  top  edge  and  hole. 

10 

9 

9 

8 

10 

Rust  stain  from  top  hole. 

10 

8 

8 

ll/s 

M 

8 

10 

IC 

Rust  stain  from  top  hole  and  scribe. 

10 

K 

8 

ll/s 

n 

8 

10 

lo 

Rust  stain  from  top  hole  and  scribe. 

10 

9 

9 

8 

10 

Rust  stain  from  top  edge  and  hole. 

10 

9 

9 

8 

10 

Rust  stain  from  top  hole. 

10 

8 

8 

ll/s 

M 

8 

10 

10 

Rust  stain  from  top  hole  and  scribe. 

10 

8 

8 

ll/s 

M 

8 

10 

10 

Rust  stain  from  top  hole  and  scribe. 

10 

9 

9 

5 

10 

Rust  stain  from  top  edge  and  hole. 

10 

9 

9 

8 

10 

Rust  stain  from  top  hole. 

10 

8 

8 

ll/s 

II 

8 

10 

10 

Rust  Slain  from  top  hole  and  scribe. 

10 

8 

8 

ll/s 

11 

8 

10 

10 

Rust  stain  from  top  hole  and  scribe. 

System  43 

10 

10 

10 

10 

10 

5 

10 

10 

10 

10 

10 

5 

10 

10 

10 

L 

10 

10 

to 

4 

10 

10 

10 

L 

10 

10 

10 

3 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

9 

10 

1,/s 

M 

10 

10 

— 

Rust  stain  from  scribe. 

10 

9 

10 

US 

M 

10 

10 

— 

Rust  stain  from  scribe. 

continued 


O/L  * light  rusting  in  scril>c  I7S  » light  tuberculation  in  scribe  fl/S  * heavy  tubcrculation  in  scribe 

()/M  » medium  rusting  in  scribe  M/S  « medium  tubcrculation  in  scribe 
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Table  10.  Continued 


I Refer  to  Remarks  column  for  each  asterisked  item  ! 


Rating  for  Following  Properties  — 


Ciencrai 

Discoloration 

Chalking 

Ailigatoring, 

Checking. 

Scaling, 

Flaking, 

Rusting 

Tuberculation 

Rusting 

Protection 

Scribe 

Cracking 

Peeling 

Type  1 

Type  II 

System  43  uontinued) 


— 

10 

10 

9 

10 

— 

10 

10 

9 

10 

10 

10 

10 

10 

M/s 

M 

— 

10 

10 

10 

10 

M/S 

M 

— 

10 

10 

9 

8 

— 

10 

10 

9 

9 

— 

10 

10 

9 

9 

M/S 

M 

— 

10 

10 

9 

8 

M/S 

11 

10 

10 

10 

7 

7 

10 

10 

10 

7 

7 

10 

10 

10 

8 

8 

11 /s 

II 

10 

10 

10 

8 

8 

ll/s 

11 

10 

10 

10 

7 

7 

10 

10 

10 

7 

7 

10 

10 

10 

8 

8 

ll/s 

H 

10 

10 

10 

ll/s 

H 

10 

U) 

10 

10 

10 

10 

10 

10 

10 

8 

8 

ll/S 

M 

10 

10 

10 

8 

8 

M/s 

H 

System  44 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

8 

10 

10 

10 

10 

10 

10 

5 

— 

10 

10 

10 

10 

_ 

10 

10 

10 

10 

— 

10 

10 

10 

10 

10 

VL 

— 

10 

10 

10 

10 

10 

VL 

10 

10 

10 

10 

10 

10 

10 

10 

— 

10 

10 

10 

10 

10 

VL 

— 

10 

10 

10 

10 

10 

L 

— 

10 

10 

9 

10 

— 

10 

10 

9 

10 

— 

10 

10 

9 

10 

10 

VL 

— 

10 

10 

9 

10 

10 

L 

Meaning  of  abbreviations  — 

VL  * very  light 

M * medium 

F s few 

O/L  ~ light  rusting  in  scribe 

L/S  = light  tuberculation  in 

S s slight 

H * heavy 

D » dense 

O/M  * medium  rusting  in  scribe 

M/S  » medium  tuberculatior 

I 


Tabic  10.  Continued 


{Refer  to  Remarks  column  for  each  asterisked  item.} 


Rating  for  Following  Properties  — 

Remarks 

ig- 

ig. 

'g 

Rusting 

Tuberculation 

Rusting 

Scribe 

1 

Blistering 

Undercutting 

1 

Blistering 

Scribe 

Dry  Film 
Thickness 
(mils) 

Type  I 

Type  II 

System  43  (continued) 

9 

10 

10 

10 

9 

10 

10 

10 

10 

10 

M/s 

M 

10 

VL-S 

10 

10 

10 

M/S 

M 

10 

VL-S 

10 

9 

8 

4/M 

10 

Rust  stain,  blistering  is  localized. 

9 

9 

2/F 

10 

Rust  stain  from  top  edge  and  hole. 

9 

9 

M/s 

11 

10 

10 

10 

Rust  stain  from  top  edge  and  scribe. 

9 

8 

M/S 

II 

4/D 

10 

6/D 

Rust  stain  from  top  edge  and  scribe. 

7 

7 

7 

10 

Rust  stain  from  top  edge  and  hole. 

7 

7 

7 

10 

Rust  stain  from  top  edge  and  hole. 

8 

8 

ll/s 

11 

7 

10 

8 

Rust  stain  from  top  hole  and  scribe. 

8 

8 

H/S 

11 

7 

10 

8 

Rust  stain  from  top  hole  and  scribe. 

7 

7 

5 

10 

Rust  stain  from  top  edge  and  hole. 

7 

7 

5 

10 

Rust  stain  from  top  edge  and  hole. 

8 

8 

ll/s 

II 

5 

10 

7 

Rust  stain  from  top  hole  and  scribe. 

8 

8 

ll/s 

M 

5 

10 

7 

Rust  stain  from  top  hole  and  scribe. 

7 

7 

5 

10 

Rust  stain  from  top  edge  and  hole. 

7 

7 

5 

10 

Rust  stain  from  top  edge  and  hole. 

8 

8 

ll/s 

11 

3 

10 

5 

Rust  stain  from  top  hole  and  scribe. 

8 

8 

ll/s 

11 

3 

10 

5 

Rust  stain  from  top  hole  and  scribe. 

System  44 

10 

10 

10 

10 

12 

10 

10 

10 

10 

14 

10 

10 

10 

8 

10 

10 

10 

10 

10 

10 

10 

5 

10 

10 

10 

12 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

— 

Rust  stain  from  scribe. 

10 

10 

10 

10 

10 

— 

Rust  stain  from  scribe. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

9 

10 

10 

VL 

io 

10 

2/K 

Rust  stain  from  top  edge  and  scribe. 

1 

9 

10 

10 

L 

10 

10 

4/F 

Rust  stain  from  top  edge  and  scribe. 

continued 


I^ht  rusting  in  scribe 
ictiium  rusting  in  scril)e 


L/S  “ light  tuberculation  in  scribe 
M/S  = medium  tuberculation  in  scribe 


ll/s  s heavy  tuberculation  in  scribe 
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Table  10.  Continued 


(Refer  to  Remarks  column  for  each  asterisked  item.l 


Kxposurc 

(days) 

Rating  for  Following  Properties  — 

Panel 

General 

Protection 

Discoloration 

. 1 

Chalking 

Alligatoring. 

Checking. 

Cracking 

Scaling. 

Flaking, 

Peeling 

1 

Rusting 

Tuhercuiation 

Rusting 

Scribe 

Blis 

Type  I 

Type  II 

System  44  (continued) 

10 

• 

10 

10 

10 

9 

10 

104 

10 

• 

10 

10 

10 

9 

10 

10 

• 

10 

10 

10 

9 

10 

10 

VL 

10 

« 

10 

10 

10 

9 

10 

10 

VL 

10 

* 

10 

10 

10 

9 

10 

131 

10 

* 

10 

10 

10 

9 

10 

3 

10 

• 

10 

10 

10 

9 

10 

10 

VL 

4 

10 

• 

10 

10 

10 

10 

10 

VL 

10 

* 

10 

10 

10 

10 

1 

180 

2 

10 

• 

10 

10 

10 

10 

1 

10 

« 

10 

10 

10 

10 

10 

VL 

] 

■I 

10 

* 

10 

10 

10 

WM 

10 

10 

VL 

1 

System  45 

1 

10 

10 

10 

10 

10 

10 

10 

n 

10 

2 

10 

10 

10 

10 

10 

10 

10 

3 

10 

10 

10 

10 

10 

10 

10 

10 

8 

H 

4 

10 

10 

10 

10 

10 

10 

10 

10 

6 

■ 

1 

10 

— 

— 

10 

10 

10 

10 

27 

2 

10 

— 

— 

10 

10 

10 

10 

3 

10 

« 

— 

10 

10 

10 

10 

10 

l/VL 

4 

10 

* 

— 

10 

10 

10 

10 

10 

1/VL 

■ 

1 

10 

— 

— 

10 

10 

10 

10 

54 

2 

10 

— 

— 

10 

10 

10 

10 

3 

10" 

— 

— 

10 

10 

10 

10 

Vl,/S 

L 

4 

10" 

— 

— 

10 

10 

10 

10 

VL/S 

L 

1 

10" 

« 

— 

10 

10 

9 

10 

1 

86 

2 

3 

10" 

9* 

• 

• 



10 

10 

10 

10 

10 

10 

10 

M 

■ 

4 

9* 

• 

— 

10 

10 

10 

10 

M 

■ 

I 

10 

« 

10 

10 

10 

10 

■ 

104 

2 

10 

• 

10 

10 

10 

10 

3 

— 

• 

10 

10 

10 

10 

10 

VL 

4 

— 

« 

10 

10 

10 

10 

10 

VL 

1 

10 

« 

10 

10 

10 

10 

■ 

131 

2 

10 

« 

10 

10 

10 

9 

10 

1 

3 

10 

• 

10 

10 

10 

9 

10 

10 

VL 

1 

4 

10 

« 

10 



10 

10 

9 

10 

10 

VL 

1 

NOTH:  Meaning  of  abbreviations  — 

VL  » v^ry  light 

M * medium 

F * few 

O/L  s light  rusting  in  scribe 

L/S  s light  tuhercuiation  in  scril 

S * slight 

II  * heavy 

D * dense 

O/M  * medium  rusting  in  scribe 

M/S  ~ medium  tuhercuiation  in  ! 

Table  Kb  Continued 


(Refer  lo  Remarks  column  for  each  asterisked  item.) 


Rating  for  Following  Properties  — 

Remarks 

Rusting 

Tuberculation 

Rusting 

Scribe 

Blistering 

Undercutting 

Blistering 

Scribe 

Dry  Film 
Thickness 
(mils) 

Type  1 

Type  II 

System  44  (continued) 

9 

10 

1 

10 

10 

1 

Rust  stain  from  top  edge  and  hole. 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

9 

10 

10 

VL 

10 

10 

9 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

VL 

10 

10 

9 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

VL 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

VL 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

9 

10 

10 

VL 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

9 

10 

10 

VL 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

System  45 

10 

10 

10 

10 

13 

10 

10 

10 

10 

13 

10 

10 

10 

8 

10 

10 

10 

12 

10 

10 

10 

6 

10 

10 

10 

13 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1/VL 

10 

10 

— 

Rust  stain  from  scribe. 

10 

10 

10 

1/VL 

10 

10 

— 

Rust  stain  from  scribe. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

VL/S 

L 

10 

10 

4/F 

10 

10 

VI./S 

L 

10 

10 

4/F 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

9 

10 

10 

M 

10 

10 

10 

Rust  stain  from  top  edge  and  scribe. 

9 

10 

10 

M 

10 

10 

10 

Rust  stain  from  top  edge  and  scribe. 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

9 

10 

10 

VL 

10 

10 

9 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

VL 

10 

10 

9 

Rust  stain  from  top  edge  and  scribe. 

WM 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

VL 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

wu 

10 

10 

VL 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

continued 


It  rusting  in  scribe  L/S  * light  tuberculation  in  scribe  H/S  * heavy  tuberculation  in  scribe 

Hum  rusting  in  scribe  M/S  * medium  tuberculation  in  scribe 
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Table  10.  Continued 


(Refer  to  Remarks  column  for  each  asterisked  item.j 


Rating  for  Following  Properties  — 

Exposure 

(days) 

Cieneral 

Discoloration 

Chalking 

Alligatoring, 

Checking, 

Cracking 

Scaling, 

Flaking, 

Peeling 

Rusting 

Tuberculation 

Rusting 

Blisteri:^ 

Protection 

Type  I 

Type  11 

Scribe 

System  45  (continued) 

1 

10 

* 

10 

10 

10 

9 

10 

10 

180 

2 

10 

* 

10 

10 

10 

9 

10 

10  ! 

3 

10 

• 

10 

10 

10 

9 

10 

10 

VL 

10 

4 

10 

• 

10 

10 

10 

9 

10 

10 

1 

VL 

10  ' 

System  46  ^ 

1 

10 

• 

10 

10 

10 

10 

10 

10 

U) 

2 

10 

• 

10 

10 

10 

10 

10 

10 

3 

10 

• 

10 

10 

10 

10 

10 

10 

4 

10 

4 

10 

• 

10 

10 

10 

10 

10 

10 

2 

10 

1 

10 

— 

— 

10 

10 

10 

10 

10 

27 

2 

10 

— 

10 

10 

10 

10 

10 

3 

10 

• 

— 

10 

10 

10 

10 

VL-S 

1/VL 

10 

4 

10 

« 

— 

10 

10 

10 

10 

VL-S 

1/VL 

10 

1 

10 

— 

— 

10 

10 

10 

10 

10 

54 

2 

10 

— 

— 

10 

10 

10 

10 

10 

3 

10“ 

— 

— 

10 

10 

10 

10 

10 

L 

10 

4 

10" 

— 

— 

10 

10 

10 

10 

10 

L 

10 

1 

9^^ 

• 

— 

10 

10 

9 

10 

10 

86 

2 

* 

— 

10 

10 

9 

10 

10 

3 

9* 

« 

— 

10 

10 

9 

10 

10 

L 

10 

4 

9* 

• 

— 

10 

10 

9 

10 

10 

L 

10 

1 

— 

• 

10 

10 

10 

9 

10 

10 

104 

2 

— 

• 

10 

10 

10 

9 

10 

10 

3 

— 

« 

10 

10 

10 

10 

10 

10 

M 

10 

4 

— 

• 

10 

10 

10 

10 

10 

10 

M 

10 

1 

10 

* 

10 

10 

10 

9 

10 

10 

131 

2 

10 

• 

10 

10 

10 

9 

10 

10 

3 

10 

10 

10 

10 

9 

10 

10 

M 

10 

4 

10 

• 

10 

10 

10 

9 

10 

10 

M 

10 

1 

10 

• 

10 

10 

10 

9 

10 

10 

180 

2 

10 

• 

10 

10 

10 

9 

10 

10 

3 

10 

• 

10 

10 

10 

9 

10 

10 

M 

10 

4 

10 

• 

10 

10 

10 

9 

10 

10 

M 

10 

NOTH:  Meaning  of  abbreviations  — 

VL  * very  light  M 

S = slight  H 


medium 

heavy 


F * few 
D * dense 


O/L  * light  rusting  in  scribe 
O/M  s medium  rusting  in  scribe 


L/S  * light  tuberculation  in  scribe 
M/S  = medium  tuberculation  in  scrih 


Tabic  10.  ('ontinucd 


rmarks  column  for  each  asterisked  item.! 


)wing  Properties  - 

Remarks 

Tuberculation 

Rusting 

Scribe 

Blistering 

Undercutting 

Blistering 

Scribe 

Dry  Film 
Thickness 
(mils) 

Type  II 

System  45  (continued) 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

VL 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

VL 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

System  46 

10 

10 

10 

14 

Very  light  rust  stain  from  hole  in  top. 

10 

10 

10 

11 

Very  light  rust  stain  from  hole  in  top. 

10 

10 

4 

10 

10 

10 

14 

Light  rust  stain  from  scribe. 

10 

10 

2 

10 

10 

10 

14 

Light  rust  stain  from  scribe. 

10 

10 

10 

10 

10 

10 

10 

Vl,-S 

l/VL 

10 

10 

— 

Light  rust  stain  from  scribe. 

10 

Vl.-S 

1/VL 

10 

10 

— 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

10 

10 

10 

10 

10 

10 

L 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

I. 

10 

10 

8/r 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

1. 

10 

10 

8/F 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

M 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

M 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

M 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

M 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

10 

Rust  stain  from  top  edge  and  holae 

10 

10 

M 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

10 

10 

M 

10 

10 

8 

Rust  stain  from  top  edge  and  scribe. 

continued 


he 

scribe 


L/S  « light  iiiherculation  in  scribe 
M/S  * medium  lufu'rculation  in  scribe 


M/S  * heavy  tuberculation  in  scribe 
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Exposure 

(days) 


Table  10.  Continued 


(Refer  to  Remarks  column  for  each  asterisked  iteti 


System  47 


NOTH:  Meaning  of  abbreviations  — 

VL  s very  light  M = medium 

S s slight  11  a heavy 


10 

1. 

10 

1, 

10 

I. 

10 

1. 

10 

V/1. 

10 

V/I 

10 

V/l 

10 

V/I 

10 

v/l 

10 

V/I 

F = few 
D a dense 


O/L  a light  rusting  in  scribe 
O/M  a medium  rusting  in  scribe 


L/S  a light  tuberculaiK 
M/S  a medium  tubercu 


lable  10.  Continued 


(Refer  to  Remarks  eolumn  for  each  asterisked  item.l 


Rating  for  hollowing  Properties  - 

Remarks 

Scaling. 

Flaking. 

Peeling 

Rustii.g 

Tuberculation 

Rusting 

Scribe 

Blistering 

Undercutting 

Blistering 

Scribe 

Dry  Film 
Thickness 
(mils) 

Type  1 

Type  [I 

System  47 

10 

10 

10 

10 

10 

15 

10 

10 

10 

10 

10 

16 

10 

10 

10 

10 

4 

10 

10 

10 

17 

Light  rust  stain  from  scribe. 

10 

10 

10 

10 

1 

10 

10 

10 

17 

Light  rust  stain  from  scribe. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

■— 

10 

— 

— 

— 

10 

— 

10 

— 

10 

— 

— 

-- 

10 

— 

10 

10‘* 

10 

10 

10 

Top  edge. 

10 

10* 

10 

10 

10 

Top  edge. 

10 

10 

10 

10 

I. 

10 

10 

10 

10 

10 

10 

10 

L 

10 

10 

10 

10 

10 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

10 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

9 

10 

10 

L 

10 

10 

2/F 

Rust  stain  from  top  edge  and  scribe. 

10 

K 

10 

10 

L 

10 

10 

10 

Rust  stain  from  top  edge  and  scribe. 

10 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

9 

10 

10 

V/l. 

9 

10 

9 

Rust  stain  from  top  edge  and  scribe. 

10 

9 

10 

10 

V/L 

10 

10 

10 

Rust  stain  from  top  edge  and  scribe. 

10 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

8 

10 

10 

V/L 

9 

10 

9 

Rust  stain  from  top  edge  and  scribe. 

10 

8 

10 

10 

V/L 

10 

10 

10 

Rust  stain  from  top  edge  and  scribe. 

10 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

9 

10 

10 

10 

Rust  stain  from  top  edge  and  hole. 

10 

8 

10 

10 

V/L 

9 

10 

9 

Rust  stain  from  top  edge  and  scribe. 

10 

8 

10 

10 

V/L 

10 

10 

10 

Rust  stain  from  top  edge  and  scribe. 

O/L  * light  rusting  in  scribe 
()/M  s medium  rusting  in  scribe 


I7S  = light  tuberculation  in  scribe 
M/S  = medium  tuberculation  in  scribe 


I I/S  = heavy  tuberculation  in  scribe 
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I Refer  to  Remarks  column  for  explanations  of  items  marked  with  symbol' 


itmj;  Systems  48  Through  53  After  Salt  Spray  Itxposurc 


for  explanations  of  items  marked  with  symbols  • arul  t.l 

ibcrculation 

Scribe 

Rusting 

Scribe 

Blistering 

Undercutting 

Blistering 

Scribe 

Remarks 

System  48 

— 

— 

10 

10 

— 

Coating  thickness,  5 mils. 

— 

— 

10 

10 

— 

Coating  thickness,  4 mils. 

10 

10 

10 

10 

10 

Coating  thickness,  4‘/2  mils. 

10 

10 

10 

10 

10 

Coating  thickness,  4 mils. 

— 

— 

8/F 

* 

__ 

•Upper  left  corner. 

— 

— 

8/F 

* 

— 

•Top  edge. 

8 

M 

8/T 

10 

8 

M 

8/F 

• 

10 

•Fdgc. 

— 

— 

8/F’ 

10 

•Top  and  near  edge. 

— 

— 

8/F’ 

10 

Rusting  Type  II  at  top  and  one  edge;  •edge. 

M 

II 

8/F* 

10 

8/M 

Rusting  on  scribe  becoming  heavy;  •edge. 

M-M 

M 

8/F’ 

L 

8/F 

Coating  being  undercut  and  coating  flaking  off;  •edge. 

__ 

8/F’ 

VL 

•Top  edge. 

— 

— 

8/M’ 

VL 

— 

•Top  edge,  lower  corner  and  few  in  center. 

M/S 

M 

8/F’ 

M/s 

8/D 

’Filge. 

ll/s 

M 

8/F* 

H/S 

8/D 

•Kdge. 

— 

~ 

6/F 

10 

— 

•Kdgc;  ^pinpoint  rust. 

— 

— 

8/M 

10 

— 

•Corners. 

M/S 

11 

8/F 

M/s 

6/M 

M/S 

11 

8/MD’ 

M/S 

8/MU 

•Fdge. 

— 

— 

8/M 

10 

— 

— 

— 

8/D 

10 

— 

ll/s 

8/D 

M/s 

8/D 

Backside  rated  S'*". 

M/s 

II 

8/1) 

M/S 

8/D 

Backside  rated  8'*’. 

— 

— 

8/M 

10 

— 

— 

— 

4/D 

10 

— 

M/S 

4/D 

— 

VD’ 

•l.ight  flaking,  heavy  blistering  and  Type  II  rusting. 

M/S 

.. 

4/D 

— 

• 

•Light  flaking,  heavy  blistering  and  Type  11  rusting. 

System  49 





10 

1 

10 



Coating  thickness,  6 mils. 

— 

— 

10 

10 

— 

Coating  thickness,  6 mils. 

10 

10 

10 

10 

10 

Coating  thickness,  6 mils. 

10 

10 

10 

10 

10 

Coating  thickness.  6 mils. 

— 

10 

— 

- 

— 

10 

- 

— 

•Pinpoint  rusting.  3-4  spots. 

8 

M 

10 

10 

10 

•Top  right  corner. 

8 

M 

10 

10 

10 

continued 


>n  scribe 
ing  in  scribe 


L/S  s light  tul)erculation  in  scribe 
M/S  » medium  tuberculation  in  scribe 


ll/s  * heavy  tuberculation  in  scribe 


Tabic  11.  Continued 


I Refer  to  Remarks  column  for  explanations  of  items  marked  with  symbols  * and 


Exposure 

(days) 

Panel 

General 

Protection 

Discoloration 

Chalking 

Cracking 

Flaking 

Rusting 

Tuberculation 

Scribe 

Rusting 

Scribe 

Blistering 

Undercutting 

Type  I 

Type  II 

System  49  (continued) 

1 

1 

10" 

I 

1 

10" 

10 



— 

10^ 

10 

2 

10" 









10" 

10 





10^ 

10 

45 

3 

10" 

— 

— 

— 

— 

9 

10 

M 

M 

10 

10 

4 

— 

— 

— 

— 

9 

10 

M 

M 

10 

10 

10" 

« 

— 

10 

10 

10 

— 

10 

10 

2 

10" 

• 

— 

10 

10 

10 

10 

10  1 

3 

10" 



10 

10 

10 

M 

10 

VL 

4 

10" 

— 

— 

10 

10 

10 

M 

10 

VL 

9* 

— 

10 

10 

9+t 

10 

10 

2 

9 

* 

— 

10 

10 

9^ 

10 

— 

10 

3 

9* 

* 

— 

10 

10 

9+t 

10 

10 

H 

10 

4 

9* 

• 

— 

10 

10 

9+t 

10 

L/S 

H 

10 

1 

9* 

• 

— 

10 

10 

9+ 

10 

— 

— 

10 

10 

2 

9'*' 

— 

10 

10 

9^ 

10 

— 

— 

10 

10 

3 

9 

• 

— 

10 

10 

9 

10 

H/S 

H 

10 

10 

4 

9 

• 

10 

10 

9 

10 

M/S 

M 

10 

10 

9 

• 

10 

10 

9 

10 

— 

_t 

6/M-D 

10 

2 

8^ 

— 

— 

10 

10 

8 

10 

— 

— 

6/D* 

10 

3 

8* 

— 

— 

10 

10 

9 

10 

H/S 

H 

6/F 

M/s 

4 

9" 

— 

— 

10 

10 

9 

10 

ll/s 

H 

6/F 

M/s 

System  50 

1 

— 

— 

10 

10 

10 

— 

— 

10, 

10 

2 

— 

— 

10 

10 

10 

— 

— 

10 

10 

3 

— 

— 

10 

10 

10 

10 

10 

10 

10 

4 

— 

— 

10 

10 

10 

10 

10 

10 

10 

I 

9'*' 

— 

— 

10 

10 

10" 

9^^ 

— 

— 

8/F* 

— 

31 

2 

10" 

— 

~ 

10 

10 

10"* 

10 

— 

— 

10 

— 

3 

9* 

— 

— 

10 

10 

10 

10 

10 

M 

10 

10 

4 

9* 

— 

— 

10 

10 

9* 

10 

9 

M 

10 

10 

1 

10" 

— 

— 

— 

— 

10 

9^^ 

— 

— 

8/F* 

L 

2 

10 

— 

— 

— 

— 

10 

— 

— 

10 

10 

3 

9^^ 

— 

— 

— 

— 

10 

10 

L 

10 

10 

4 

9* 

— 

— 

— 

— 

10 

10 

M 

10 

10 

1 

— 

— 

10 

10 

9* 

9 

— 

8/F 

VL* 

2 

— 

— 

10 

10 

10 

— 

— 

to 

— 

— 

10 

10 

10 

10 

10 

10 

WM 

— 

— 

10 

10 

10 

10 

■■ 

10 

10 

NOTE:  Meaning  of  abbreviations  — 

VL  * very  light 

M » medium 

F ® few 

O/L  * light  rusting  in  scribe 

L/S  * light  tuberculation  ir 

S =•  slight 

11  ■ heavy 

D “ dense 

O/M  = medium  rusting  in  scribe 

M/S  * medium  tuberculatiu 

Tabic  1 1.  Continued 


s column  for  explanations  of  items  marked  with  symbols  * and  f.j 


— 

Tuberculation 

Scribe 

Rusting 

Scribe 

1 

Blistering 

1 

Undercutting 

Blistering 

Scribe 

Remarks 

?e  II 

j 

System  49  (continued) 

— 

— 

10 

10 

— 

Light  rust  stain  from  top  of  panel. 

— 

— 

10 

10 

— 

Some  pinpoint  rust;  more  rust  stain  than  B-l. 

M 

M 

10 

10 

10 

Other  than  at  scribe,  only  light  rust  stain  from  pinpoint  rust  at  top  edge. 

M 

M 

10 

10 

10 

Other  than  at  scribe,  only  light  rust  stain  from  pinpoint  rust  at  top  edge. 

— 

10 

10 

— 

•Rust  stain. 

— 

— 

10 

10 

— 

•Rust  stain;  ^pinpoint  rusting  on  edge. 

M/s 

M 

10 

VL 

10 

Very  light  rusting  on  edge;  •edge. 

M/S 

M 

10 

VL 

10 

Very  light  rusting  on  edge:  ‘edge. 

— 

— 

10 

10 

— 

•Rust  stain;  ^edge. 

— 

— 

10 

10 

— 

•Rust  stain;  ^edge. 

10 

M 

10 

L/S 

10 

•Rust  stain;  ^edge 

L/S 

H 

10 

M/S 

10 

•Rust  stain;  ^edge. 

— 

— 

10 

10 

— 

•Rust  stain. 

— 

— 

10 

10 

— 

•Rust  stain. 

H/S 

II 

10 

10 

— 

•Rust  stain. 

H/S 

M 

10 

10 

— 

•Rust  stain. 

— 

_t 

6/M-D 

10 

— 

•Rust  stain;  ^more  blistering  backside  than  front. 

— 

— 

6/D* 

10 

— 

•Mostly  on  front. 

H/S 

H 

6/F 

M/s 

D 

H/S 

H 

6/F 

M/s 

D 

1 System  50 

— 

— 

10 

10 

— 

Coating  thickness,  5 mils. 

— 

— 

10 

10 

— 

Coating  thickness.  6V4  mils. 

10 

10 

10 

10 

10 

Coating  thickness,  mils. 

10 

10 

10 

10 

10 

Coating  thickness,  5Vi  mils. 

— 

— 

8/F* 

— 

— 

•Top  right  corner. 

— 

— 

10 

— 

— 

•Light  rust,  bottom  edge. 

10 

M 

10 

10 

8/F 

Light  rust,  bottom  edge. 

9 

M 

10 

10 

8/F 

Light  rust,  bottom  edge. 

— 

— 

8/F* 

L, 

— 

Blistering  and  Type  \ rust  top  corner  of  panel;  'edge. 

— 

— 

10 

10 

— 

10 

1. 

10 

10 

8/F 

Blisters  at  scribe  filled  with  rust. 

10 

M 

10 

10 

8/F 

Blisters  at  scribe  filled  with  rust. 

— 

— 

8/F 

VL* 

— 

•Top  corner  and  edge. 

10 

VL 

10 

10 

4/M* 

•Blisters  cover  whole  area  around  scribe. 

10 

i. 

10 

10 

8-6/M 

Blisters  cover  whole  area  around  scribes. 

continued 


rusting  in  scribe 
ium  rusting  in  scribe 


I7S  * light  tuberculation  in  scril>c  H/S  » heavy  tuberculation  in  scribe 

M/S  » medium  tuberculation  in  scribe 
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O 


I 

I 


ruble  1 1.  Continued 


tor  explanations  of  items  maikc.J  with  symbols  * and  f.l 


ubercuiation 

Scribe 

Kiistinii 

ScrilH- 

-y- 

I 

Blistering  b'ndercuttiag 

1 

1 

Blistering 

Scribe 

Remarks 

I System  50  (continued) 

— 

- 

2-S/M 

10 

— 

Blistering  two  top  corners  only. 

10 

- 

•Top,  close  to  edge. 

VL  S 

1 

10 

4/D 

*Top,  close  to  edge. 

\1.S 

s;m* 

l./S 

4-8/D 

•Top,  close  to  edge. 

— 

— 

6/\M)* 

10 

— 

*Top  etlges. 

— 

— 

6/M  D* 

10 

— 

•Top  edges. 

vv.s 

1. 

6/M* 

— 

•Top  an<l  bottom  near  edge  and  scribed  area. 

M/s 

M 

6-4/M’ 

— 

•Medium  blisters,  top  and  bottom;  H/D  scribed  area. 

— 

— . 

S/I)*'*' 

10 

— 

•Blisters  confined  mostly  to  top  and  bottom  of  panel;  ^edge. 

— 

— 

4 \r 

10 

— 

•Blisters  confined  mostly  to  top  and  bottom  of  panel. 

I/S 

M 

6/Ml) 

10 

6/D 

M/s 

M 

4,11 

1,/s 

6/D 

Systt 

'm  5 1 



10 

10 

— 

Coating  thickness,  5*6  mils. 

— 

to 

10 

Coating  thickness,  5 mils. 

10 

10 

10 

10 

U) 

Coating  thickness,  4 mils. 

It) 

10 

10 

10 

iO 

Coating  thickness.  4 mils. 

— 



hiv* 

— 

— 

•Edge;  ’upper  right  corner. 

- 

— 

8/i-  • 

— 

— 

•Fdgf. 

8 

.\1 

10 

10 

10 

8 

S/I  • 

10 

10 

•Fdge. 

— 

8/r 

1. 

__ 

Type  1!  rusting,  upper  corner;  coating  tlakeil  oft. 

8/1' 

1. 

— 

Type  11  rusting,  upper  corner:  coating  flaked  oft:  ‘edge 

•M 

.M 

8/1- 

1. 

8/.M 

•Edge. 

.M 

M 

S/I' 

L 

8/M 

•Edge. 

8-6* 

10 

Blisters  and  Type  11  ru'-rmg,  top  corner;  •edge 

— 

8/M’ 

10 

— 

Blisters  and  Type  11  rusting,  top  corner;  ‘cvlge. 

M/S 

II 

8/.M 

l./S 

8/MD 

Blistering  extends  out  Itom  setilie  to  center  of  panel 

.M/S 

11 

8/1- 

1,/s 

8/T 

— 

— 

S/M  • 

10 

— 

•Edge. 

— 

__ 

8/\r 

10 

— 

•Edge. 

M/S 

I) 

8/D 

L/S 

8/1) 

L/S 

M 

8/M  * 

I./S 

8/VI 

‘I.dge 

— 

4/M 

• 

— 

•Top  half  haekside  lilistcrs  and  rusting. 

— 

6/1) 

— 

— 

Backside,  fair. 

M/S 

M 

8/D 

— 

— 

Backside,  8. 

II/S 

" 

6/M  1) 

— 

— 

Backside,  8. 

4/.M 

10 

__ 

4/1) 

H) 

— 

M/S 

" 

6/1) 

I,/S 

« 

•Blister  broken,  Type  U rusting. 

It/s 

II 

6/MI) 

l./S 

• 

•Blister  broken.  Type  II  rusting 

continued 


::  scribe  I,/S  « bght  tut)crculation  in  scrit>e  H/S  * heavy  tuberculation  in  scribe 

iig  in  scribe  M/S  » inctbimi  tuberculation  in  scribe 
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Table  11.  Continued 


(Refer  to  Remarks  column  for  explanations  of  items  marke 


Exposure 

(days) 

1 

Pane! 

General 

Protection 

Discoloration 

Chalking 

Cracking 

Flaking 

Rusting 

Tuberculation 

Scribe 

Rusting 

Scribe 

Blisl 

Type  I 

Type  II 

System  52 

1 

— 

10 

10 

10 

— 



2 





10 

10 

10 

10 



3 

— 

— 

10 

10 

10 

10 

10 

10 

4 

— 

10 

10 

10 

10 

10 

1 

9^^ 

— 

— 

10 

10 

9* 

— 

— 

2 

9 

— 

— 

10 

10 

9* 

10 

— 

— 

3 

9* 

— 

— 

10 

10 

9* 

10" 

7 

M 

9 

— 

— 

10 

10 

9* 

10" 

8 

L 

1 

9 

— 

— 

— 

8^* 





8 

45 

2 

9 

— 

— 

— 

9* 

9* 

— 

— 

] 

3 

9 

— 

— 

— 

— 

9* 

8** 

M 

M 

8 

4 

9" 

— 

— 

— 

— 

8** 

8'^' 

M 

H 

8 

1 

9 

— 

— 

10 

10 

8+* 

8+' 

— 

— 

8/ 

60 

2 

9 

— 

— 

10 

10 

8* 

8* 

— 

— 

6 

3 

9 

— 

— 

10 

10 

8 

8* 

L/S 

M 

8/ 

4 

9" 

— 

— 

10 

10 

9 

8" 

M 

8 

1 

9 

— 

— 

10 

10 

9^^ 

9 

— 

8/, 

74 

2 

9’ 

— 

— 

10 

10 

8* 

9" 

— 

8/, 

3 

9 

— 

— 

10 

10 

9 

9 

M/S 

H 

6/ 

■■ 

8 

— 

— 

10 

10 

9 

8* 

M/S 

M 

8/ 

8* 

— 

— 

10 

10 

9 

8 

— 

— 

8/J 

125 

B 

— 

— 

10 

10 

9 

8 

— 

— 

6/IV 

3 

8~ 

— 

— 

10 

10 

8 

H/S 

M 

6/3 

B 

8 

— 

10 

10 

8" 

M/S 

H 

6-4 

B 

8‘ 

— 

— 

10 

10 

8‘ 

— 

— 

6/ 

155 

B 

8" 

— 

— 

10 

10 

8‘ 

— 

— 

8/3 

8" 

— 

— 

10 

10 

8 

8’ 

L/S 

11 

8, 

H 

8" 

— 

— 

10 

10 

8 

8" 

L/S 

H 

6, 



System  55 

1 

10 

— 

— 

10 

10 

10 



■ 

Start 

2 

10 

— 

— 

10 

10 

10 

10 

— 

— 

■ 

3 

10 

— 

— 

10 

10 

10 

10 

10 

10 

B 

10 

— 

— 

10 

10 

10 

10 

10 

10 

■ 

■■ 

8 

— 

— 

10 

10 

8 

10 

— 



■ 

8 

— 

10 

10 

8 

10 

— 

8 

— 

— 

10 

10 

mSM 

— 

7 

11 

H 

8 

— 

— 

10 

10 

B 



7 

H 

■ 

NOTE:  Meaning  of  abbreviations  ~ 

VL  * very  light 

S » slight 

M * medium 

11  = heavy 

O/L  “ light  rusting  in  scribe 

O/M  * medium  rusting  in  scribe 

L/S  light  tuberculation  in  set 

M/S  B medium  tul>erculation  ir 

Table  11.  Continued 


I Refer  to  Remarks  column  for  explanations  of  items  marked  with  symbols  * and  t.) 


(racking 

Flaking 

Rusting 

Tuberculation 

Rusting 

Blistering 

Undercutting 

Blistering 

Remarks 

Type  1 

Type  11 

Scribe 

Scribe 

Scribe 

System  52 

10 

10 

10 

10 

— 

— 

10 

10 

— 

Coating  thickness,  4V2  mils. 

10 

10 

10 

10 

— 

— 

10 

10 

— 

Coating  thickness,  5 mils. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Coating  thickness,  4 mils. 

10 

10 

10 

10 

10 

10 

10 

10 

Coating  thickness,  5 mils. 

10 

10 

9* 

10 

— 

10 

— 

•Edge. 

10 

10 

9* 

10 

— 

10 

10 

— 

’Fdgc. 

10 

10 

9* 

ur 

7 

10 

10 

’Edge. 

10 

10 

9* 

10" 

8 

10 

10 

•Edge. 

— 

— 

8** 

S'"’ 

— 

8/F 

L 

— 

Type  II  rusting,  top  and  bottom  edges. 

— 

— 

9* 

9’ 

— 

10 

— 

•Edge. 

— 

_ 

9* 

s’’ 

M 

M 

8/F 

L 

8/F 

’Edge. 

— 

— 

S'"’ 

S'"’ 

M 

H 

8/F 

L 

8/F 

•Edge. 

10 

10 

S'"’ 

S'"’ 

— 

— 

8/M 

— 

Blisters,  top  edge  and  bottom  only;  •edge. 

10 

10 

8’ 

8* 

— 

— 

6/F 

— 

•Edge. 

10 

10 

8 

8’ 

L/S 

M 

8/F’ 

L/S 

8/F 

•Edge. 

10 

10 

9 

8" 

L/S 

.M 

8/F 

L/S 

8/F 

10 

10 

9'" 

9 

— 

8/M’ 

10 

— 

•Top  and  bottom  edges. 

10 

10 

S'" 

9" 

— 

— 

8/M’ 

10 

— 

’Edge. 

10 

10 

9 

9 

M/S 

H 

6/F’ 

M/s 

8/M 

•iCdge. 

10 

10 

9 

S'" 

M/S 

M 

8/M 

L/S 

8/F 

10 

10 

9 

8 

— 

8/M’ 

— 

— 

•Top  and  bottom;  backside.  9. 

10 

10 

8 

— 

— 

6/MD’ 

— 

— 

•Edges;  backside,  8”. 

10 

10 

8" 

H/S 

M 

6/M-D 

— 

— 

10 

10 

8" 

M/S 

H 

6-4/M 

■— 

— 

Backside,  9". 

10 

10 

8‘ 

— 

— 

6/D’ 

10 

— 

One  su’’ficc,  rate  9:  •mostly  top  and  bottom. 

10 

10 

8" 

— 

— 

8/M-D 

10 

— 

Worse  on  one  side  than  other. 

10 

10 

8 

8" 

L/S 

H 

8/D 

L/S 

« 

•Type  II  rusting. 

10 

10 



8 

L/S 

H 

6/D 

L/S 

• 

•Type  il  rusting. 

1 System  53 

10 

10 

10 

10 

— 

— 

10 

in 

— 

Coating  thickness.  4 mils. 

10 

10 

10 

10 

— 

— 

10 

10 

— 

Coating  thickness,  4'/4  mils. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Coating  thickness,  3'/i  mils. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Coating  thickness,  3 mils. 

10 

10 

8 

10 

— 

— 

— 

— 

— 

Most  of  surface  covered  with  pinpoint  rust  and  rust  stain. 

10 

10 

8 

10 

— 

— 

— 

— 

— 

Most  of  surface  covered  with  pinpoint  rust  and  rust  stain. 

10 

10 

7’ 

— 

7 

M 

— 

— 

— 

Most  of  surface  covered  with  pinpoint  rust  and  rust  stain;  •edge. 

10 

10 

7* 

7 

II 

— 

— 

Most  of  surface  covered  with  pinpoint  rust  and  rust  stain;  •edge. 



continue 


f'/l.  * light  rusting  in  scribe  L/S  » light  tuberculatioii  in  scribe  H/S  * heavy  tuberculation  in  scribe 

/M  * medium  rusting  in  scribe  M/S  * medium  tuberculation  in  scribe 
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(Refer  to  Remarks  column  for  explanations  of  items  marked  with  * 


Exposure 

(days) 


Table  11.  Continued 


ter  to  Remarks  column  for  explanations  of  items  marked  with 

symbols  * and  f. 

Rusting 

Tuberculation 

Rusting 

Blistering 

Undercutting 

Blistering 

Remarks 

Type  1 

Type  11 

Scribe 

Scribe 

Scribe 

System  53  (continued) 

8" 

8 

— 

— 

10 

10 

— 

8" 

8 

— 

— 

10 

10 

_ 

8" 

8 

M 

10 

10 

— 

8~ 

8 

M 

II 

10 

10 

— 

8" 

8 

— 

— 

6/D 

10 

— 

Blistering  entire  surface,  unbroken. 

8“ 

8 

— 

6/D 

10 

— 

Blistering  entire  surface,  unbroken. 

8‘ 

8 

M/s 

H 

6/D 

L/S 

6/D 

Blistering  entire  surface,  unbroken. 

8' 

8 

1. 

M 

6/D 

L/S 

6/D 

Blistering  entire  surface,  unbroken. 

8 

7 

— 

— 

2/D 

10 

— 

8 

7 

— 

_ 

2/D 

10 

— 

7 

7 

ll/s 

II 

2/D 

M/s 

2/D 

7 

7 

n/s 

H 

2/D 

M/S 

2/D 

— 

— 

_ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 
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— 

— 

— 

-- 

— 

— 

_ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 
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— 
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— 

— 

O/L  - light  rusting  in  scribe 
O/M  * medium  rusting  in  scribe 


L/S  = light  tuberculation  in  scribe 
M/S  » medium  tuberculation  in  scribe 


H/S  * heavy  tuberculation  in  scribe 
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ANALYSIS  OF  TEST  COATINGS 
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Curing  agents  of  water  emulsion  epoxy  were  thin,  water-free,  and  unpigmented. 

Ash  determination  made  instead  of  pigment  determination  because  of  difficulties  in  separating  pigment. 


Appendix  B 


SOURCES  AND  IDENTIFICATION  OF  EXPERIMENTAL  MATERIALS 

KEY  TO  SOURCES 

Key  Source 

A Adhesive  Engineering  Co.,  1411  Industrial  Rd . , San 

Carlos,  CA  94070. 

B Advanced  Coatings  and  Chemicals,  2213  No.  Tyler  Ave., 

So.  El  Monte,  CA  91733. 

C Ameron  Inc.,  201  N.  Berry  St,,  Brea,  CA  92621. 

D Ashland  Chemicals,  P.O.  Box  2219,  Columbus,  OH  43216. 

E Carboline  Co.,  350  Hanley  Industrial  Ct.,  St.  Louis, 

MO  63144. 

F Frazee  Paint  Co.  (formerly  C.  H.  Benton,  Inc.),  P.O. 

Box  2471,  San  Diego,  CA  92112. 

G MIT  Chemicals,  Inc.,  P.O  Box  1104,  Rahway,  NJ  07065. 

H Mobil  Chemical  Co.,  Box  250,  Edison,  NJ  08817. 

I Porter  Coatings,  400  So.  B St.,  Louisville,  KY  40201. 

J Proline  Paint  Co.,  2646  Main  St.,  San  Diego,  CA  92113. 

K Terra  Sphere  Chemical,  Inc.,  1225  So.  West  Ave., 

Fresno,  CA  93706. 

L Western  Maritime  Agency,  Inc.,  444  W.  Ocean  Blvd . , 

Long  Beach,  CA  90802. 

M Western  Reserve  Laboratories,  1348  St.  Clair  Ave., 

Cleveland,  OH  44100. 

N Wisconsin  Protective  Coating  Corp.,  P.O.  Box  243, 

Green  Bay,  WI  54305. 
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Appendix  C 

RATINGS  ON  COATING  SYSTEMS 


Tai)lc(M.  Ratings*'  of  S\  stcni  Panels  on  Sandhlastcii 


Rating  numbern  from  high  of  10  to  low  of  0.  generally  the  percentage  of  unaffected  area  divided  by  10  unless  otherwise  indicated. 
^ Rating  discontinucil  after  failure. 


NOTR:  Meaning  of  abbreviations  — 

li  = eilgc 
F * few 
S = slight 
M » medium 
1 1 - heavy 
I)  = ilenw 
L = light 
V/I.  * very  light 


l./S  s light  tuberculation  in  scribe 
M/S  « mcilium  tuberculation  in  scribe 
H/S  * heavy  tuberculation  in  scribe 
()/L  * light  rusting  in  scribe 
O/M  = medium  rusting  in  scribe 


HapKDiNa  piaz  bumumot  n 


Table  C-1.  Ratings''  of  System  Panels  on  Sandblasted  Steel 


king;  ASTM  D659;Craeking;  ASTM  D661 ; I'laking;  ASTM  D772;  Rusting:  ASTM  D610;  Blistering;  ASTM  D714  I 


Rusting 

Type  1 Type  11 

Tuberculation 

— 

Scribe 

Rusting 

Blistering 

Undercutting 

Scribe 

Blistered 

Comments 

System  1 

7;7 

8;  8 

10;  10 

()/L;0/L 

8/L;8/l, 

10;  10 

6/MU:  6/M 

Rust  staining;  edge  rusting. 

1.7 

8:8 

9.9 

0/l,;0/L 

8/1.;  8/1, 

9;9 

4/.MI>;6/M 

Rust  staining;  edge  rusting. 

7;6 

8;7 

9.9 

0/M:0/M 

8/1,;  8/1. 

8'';9 

4/,M1);4/.M 

Rust  staining;  edge  rusting. 

6;6 

7;7 

8;8 

O/M  ; O/M 

8/L;8/l. 

8:8 

4/MU:  4/M 

Rust  staining:  edge  rusting. 

5;5 

7;6 

6;8 

0/M;0/M 

6/M;  6/M 

6;7 

2/.MD;2/M 

Failed.^ 

System  3 

8:7 

9;8 

10:  10 

0/MD;0/MD 

10;9/L 

10;9 

2/D:  2/D 

Much  rusting. 

7:7 

8:8 

6:  10 

0/D;0/D 

2/1,;  8/1, 

8;8 

2/D;2/D 

Failed.^ 

System  4 

U);9 

10;9 

10:  10 

0/L;0/L 

10;  10 

10;  10 

6/1.;  10 

Damage  on  edge  and  scribe  only. 

10:9 

10:9 

9;  10 

0/L;0/l. 

10;10 

10;  10 

6/M;  8/1. 

10;  9 

10:9 

9:10 

0/L;0/L 

10;  10 

10;  10 

2/M;  2/1, 

10;9 

10;  9 

8.9 

0/1, ; 0/1. 

10;2/l. 

9;9 

2/.Vl;2/l. 

10;  9 

10;9 

8:9 

0/L:0/I, 

10;2/L 

8;9 

2/M;2/L 

10;  9 

10:9 

7:8 

O/M;  O/M 

10;2/L 

7;8 

2/M13;2/M 

System  5 

8:8 

9;  9 

1 

10;  10 

0/M;0/L 

10;  10 

10;9 

2 AM;  2 AM 

8:8 

9,9 

8;6 

0/D;0/M 

J 

2/L;2/L 

9;8 

2/D:2/MD 

Failed.^ 

System  6 

8:8 

9;9 

10;  10 

0/L;0/L 

10;  10 

10;  10 

8/M ; 8/M 

Rusting  on  edge  and  scribe  only. 

8:8 

9;9 

10;  10 

0/L;0/L 

10;  10 

10:  10 

8/.M;8/M 

8:8 

9.9 

10;  10 

0/l,;0/L 

10;  10 

10;  10 

6/M;  6/M 

8:8 

9.9 

10;  10 

O/L;0/L 

8/L;8/L 

9:9 

6/M:  6/M  D 

8;8 

9;  9 

8;8 

0/M;0/l. 

8/L;8/l. 

8:8 

4/,M;4/MD 

7:7 

8;7 

8:8 

O/M;  O/M  D 

8/1.  ; 8/ L 

8;8 

4/M;  4/1) 

I•ailcd,'’ 

area  diviJcil  by  10  unless  otherwise  indicated. 


I 


General 

Protection 


Tal)le  C.-2.  Ratings  ot  System  Panels  on  Weathered  System 


I Ratings  according  to  following  standards  — Chalking:  ASTM  D659;  Cracking:  ASTM  1)661.  Flaking:  ASTM  D772  Rusting:  AS  I M 

Rusting  Scribe 

Discoloration  Chalking  Cracking  Flaking  Tuberculation  Blistering  In.: 

_ , _ II  Rusting  I 

Type  I Type  II 


Tuberculation 


Scribe 

Rusting 


0/M.0/N\ 

(>/M;0/.M 

0/M;0/M 

0/M;(>/.M 

0/M:0/MI) 

0/D;0/D 


Blistering  I'n. 


8/MD;8/l. 
8/MD:8/M 
8/MD;8/M 
6/1);  8/M 
6/1);  8/M 
4/D:6/MD 


10;  10 

6;6 

10;  10 

10  10 

9; 10  10;  10 

10;  10 

O/M ; D 

10,  10 

9;8 

6;6 

10;  HI 

10;  10 

9.9  10;10 

9;9 

0/M;D 

10;  10 

8;8 

4;4 

10:10 

10;  10 

9;9  10;10 

9;9 

O/M ; D 

10;  10 

8;7 

4;  4 

10;  10 

10;  10 

9;9  10;10 

9;9 

0/D;D 

8/1.;  8/1, 

8;  7 

4;4 

10;10 

10;  10 

9;9  9;9 

9;9 

O/D;  D 

6/L;4/I. 

6;6 

6;6 

10;  10 

10:10 

9;9  9;9 

S;8 

0/D;n 

2/L;2/l. 

System  4 


10;10 

6;6 

10;  10 

10;10 

10:10 

10:  10 

10;  10 

0/L;0/L 

10:  10 

9,9 

8;8 

10;  10 

IQ.IO 

9;9 

10, 10 

10;  10 

0/L;0/L 

10;  8/M 

9;8 

6;4 

10:10 

10;  10 

9;9 

10;9 

10;  10 

O/M:  O/M 

10: 8/M 

9;  8 

8;6 

10:10 

10:10 

9;9 

10;9 

9;9 

0/.M;0/M 

8/,M;6/.M 

9;8 

8;8 

10:10 

10;  10 

9;8 

10:8 

9;9 

O/M;  O/M 

8/M;  6/M 

8;8 

6;6 

10:10 

10:10 



9;8 

9;8 

8:8 

0/.M;0/M 

2/M;4/,M 

9;9 

6;8 

10;  10 

10;  10 

10;9 

10;9 

10;10 

O/M : O/M 

10:  10 

9;9 

8;6 

10;10 

10: 10 

10;  9 

10;9 

9;  10 

0/D;0/M 

8/MD;  10 

9;9 

4:8 

10:10 

10:10 

10;9 

10;9 

9;  10 

O/D;  O/M 

8/.MD;  10 

9:9 

6;8 

10;10 

10;  10 

9:9 

109 

9:9 

O/D;  O/D 

8/MD;8/.M 

8;9 

6;8 

10;10 

10;  10 

9;9 

10;9 

9:9 

0/D;0/D 

8/MD;8/,MD 

7;8 

6;  8 

10;  10 

10;  10 

9:9 

10;9 

9:9 

O/D;  O/D 

8/MD;  8/ D 

10;  10 

10;10 

10:10 

10: 10 

10,10 

10;  10 

10:10 

10;  10 

10:10 

10;10 

10;  10 

10;  10 

O/M ; O/M 
0/M;0/M 
0/M;0/D 
0/D;0/D 
0/D:0/D 
0/D;0/D 


Panels  on  Weathered  System  I 


TM  1)661;  Making:  AST,' 

\ D772.  Rusting: 

AS1M  1)610;  Blistering;  ASTM  D714.I 

ation 

Rusting 

Blistering 

Undercutting 

Blistered 

Comments 

cm  1 

()/,\l;()/M 

8/MI);8/L 

10;  10 

6/MD;6/MD 

Most  of  tiamage  on  old  scribe. 

()/.M;0/M 

8/,MD;8/M 

10:  10 

6/l);4/MD 

()/M,0/M 

8/.MD;8/M 

10;  10 

2/D:  2/MO 

0/M;()/M 

6/1);  8/M 

9:9 

2/0;  2/MO 

()/M;0/MI) 

6/1);  8/M 

9;9 

2/D;2/Ml) 

()/0;t)/I) 

4/0:6/MD 

9;9 

2/0;  2/MO 

cm  3 

\ 

0/M;D 

10.  10 

10;  10 

4/0;4/D 

Damage  mostly  on  edge  and  old  scribe. 

0/M;|) 

10;  10 

9:9 

4/D;  4/D 

0/M;I> 

10;10 

9:9 

2/D;  2/D 

0/D.{) 

8/l,;8/l, 

9:9 

2/D;  2/D 

0/D;D 

6/L;4/l. 

9;9 

2/1);  2/1) 

()/D;I) 

2/L;2/L 

9:9 

2/D;  2/1) 

cm  4 

) 

0/1. ; 0/1, 

10;  10 

10;  10 

8/1. ; 8/, M 

Damage  mostly  on  edge  and  old  scribe. 

) 

O/L.O/L 

10;8/M 

10;  10 

8/L;8/M 

> 

0/M;0/M 

10;  8/M 

10;  10 

2/L;6/M 

0/M;0/M 

8/,M;6/,M 

10;9 

2/L;6/M 

O/M ; ()/M 

8/M;6/,M 

9:9 

2/L;2/M 

0/M;0/M 

2/M;  4/M 

9,9 

2/L;2/M 

|t  m 5 

) 

O/M;  O/M 

10;  10 

10;10 

2/M;  2/M 

Damage  mostly  on  edge  and  old  scribe. 

0/D;0/M 

8/AlD;  10 

9;  10 

2/1);  2/M 

0/D;0/M 

8/MD;  10 

9;  10 

2/D;  2/M 

()/D;0/D 

8/M  I);  8/M 

9;9 

2/D;  2/M 

()/D;0/D 

8/MI):  8/MO 

9;9 

2/D;2/MD 

o/D;om 

8/,MD;8/I) 

9;9 

2/1);  2/1) 

|.  m 6 

O/M;  O/M 

10;8/0 

10;  10 

6/1);  8/D 

Damage  mostly  on  edge  or  old  scribe. 

0/M;0/M 

10; 8/0 

10;  10 

6/D;  6/D 

O/M;  0/1) 

10;  8/1) 

10;9 

6/1);  2/1) 

0/0: 0/D 

10  8/0 

9;9 

4/D;  2/D 

0/I);0/I> 

I0;6/O 

9;9 

2/D;  2/D 

0/D;0/n 

10; 6/0 

9;9 

2/D;  2/D 

nedium  tuhcrculation  in  scribe  C)/M  » medium  rusting  in  scribe 

leavy  tuhcrculation  in  scri!)e 
ight  rusting  in  scribe 


Table  C-3.  Ratings  of  System  Panels  on  Wcatherc 


(Katings  according  to  following  standards  — ('balking:  ASTM  D659;  Cracking;  ASTM  D661;  Making:  A 

Time 

Exposed 

(yr) 

General 

Protection 

Discoloration 

(Chalking 

Cracking 

Making 

Rusting 

Tuberculation 

Scribe 

Rusting 

Type  I 

Type  U 

System  1 

1/2 

8*;  8* 

8;  8 

4;4 

10;  10 

' 10; 10 

9;9 

9,9 

10;  10 

()/l.;(VL 

1 

8;8 

7:7 

4;4 

10;10 

10;  10 

9;9 

9;9 

10;  10 

0/L;()/l- 

1-1/2 

8;8 

7;7 

4;4 

10;10 

10;  10 

9;9 

9.9 

10;  10 

0/M;0/I 

2 

8;8 

7;7 

2;2 

10;10 

10;  10 

9;9 

9.9 

10;  10 

()/M;0/I. 

2-1/2 

8;8 

7;6 

2;2 

10;  10 

10;  10 

9;9 

9.9 

9;9 

0/M;0/l. 

3 

8';  8" 

7i6 

4;4 

10;  10 

10;10 

9;9 

9.9 

9;9 

0/M;U/M 

System  3 


1/2 

9;9 

10;  10 

■ ■ 

10;  10 

10;  10 

10,10 

0/M;()/M 

1 

8'^;8'^ 

9;8 

10;  10 

10;  10 

9;9 

0/M;0/M 

1-1/2 

+ 

CO 

+ 

cc 

9;7 

10;10 

10;  10 

9;9 

0/M;0/M 

2 

8'^;8 

8;6 

B B 

10;  10 

10;  10 

9;9 

9;9 

0/D;0/M 

2-1/2 

8;8 

B fl 

10;10 

10;  10 

9;9 

9;9 

0/D;0/M 

3 

8";  7 

■■ 

10;  10 

10:  10 

■I 

9;9 

9.9 

0/D;0/U 

System  4 

1/2 

9'^;9'^ 

10;  10 

10:10 

10;  10 

■B 

10;  10 

BEBB 

0/L;0/L 

1 

9;  9 

9^;  9* 

10:10 

10;10 

BB 

10;  10 

BE  1^1 

0/L;0/I. 

1-1/2 

9;  9 

9*;9* 

10;  10 

10;  10 

B9 

10;  10 

BE  1^1 

0/L;0/L 

2 

9;  9 

8;8 

10:10 

10:10 

B9 

9;9 

BE  PH 

0/L;0/L 

2-1/2 

9;  8 

8;8 

10;  10 

10;  10 

■B 

9;9 

0/L;C)/M 

3 

8;  7 

6;  6 

10:10 

10;  10 

Bl 

9;9 

■ H 

0/M;M 

System  5 

1/2 

9'^;8* 

9;  8 

8;8 

10;  10 

10;  10 

Bl 

10;  10 

0/L;0/L 

1 

9;  8* 

9;  8 

8;8 

10;  10 

10:  10 

mSM 

10;  10 

0/L;0/L 

1-1/2 

9;  8 

9;  8 

8;6 

10;10 

10;  10 

9:10 

10;10 

10;  10 

G/M;0/I. 

2 

9;8 

9;  8 

8;8 

10;  10 

10;  10 

9;  10 

9;9 

9;9 

0/M;0/L 

2-1/2 

8;8 

9;8 

8;  8 

10;10 

10;  10 

9;  9 

9;9 

0/D;0/L 

3 

8;8 

8;  8 

8;6 

10;  10 

10;  10 

9;9 

9;9 

0/D:G/M 

System  6 

1/2 

9;  9 

9;  9 

6;6 

10;10 

10;  10 

9;9 

9;9 

10;  10 

0/L;0/L 

1 

9";  9" 

9;9 

6;6 

10;  10 

10;10 

9;9 

9;9 

10;  10 

0/M;0/M 

1-1/2 

9";  8* 

9;  9 

4;4 

10:10 

10;  10 

9.9 

9.9 

10;  10 

0/M;0/M 

2 

8;8'^ 

9;9 

6.6 

10;  10 

10;  10 

9.9 

9.9 

9;9 

0/M:0/M 

2-1/2 

8;8 

8;8 

4;4 

10;10 

10;  10 

8;8 

8;8 

9;9 

0/M;0/D 

3 

1 

8‘;8 

7:7 

6;6 

10;10 

10:10 

8;  8 

8:8 

9;9 

0/M;0/D 

NOTK:  Meaning  of  abbreviations  — 


ciige 

M = medium 

L = light 

M/s  = 

medium  tuberculatic 

few 

II  = heavy 

V/L  a very  light 

K/S  « 

heavy  tuberculation 

slight 

D » dense 

L/S  a light  tuberculation  in  scribe 

O/L  - 

light  rusting  in  scrib< 

I'ablc  C-3.  Ratings  of  System  Panels  on  Weathered  System  II 


ling  standards  — Chalking:  ASTM  D659;  Cracking:  ASTM  D661 ; leaking:  ASTM  D772;  Rusting:  ASTM  D610;  Blistering:  ASTM  D714.1 


icking 

1 

Rusting 

Tuberculation 

Scribe 

Blistering 

Undercutting 

Scribe 

Comments 



Type  [ 

Type  II 

Rusting 

Blistered 

System  1 

0 

10 

10.  10 

9;9 

9,9 

10;  10 

0/L;0/L 

— 1 

8/MD;8/MD 

10;  10 

6/M;  6/M  D 

Damage  mostly  on  edge  and  old  scribe. 

0,  10 

10;  10 

9;9 

9.9 

10;10 

0/L;0/L 

6/M  D;  8/D 

10;  10 

6/M;6/MD 

o 

10 

10:  10 

9;9 

9.9 

10;  10 

0/M;0/L 

2/MD;6/D 

10;  10 

4/M;6/MD 

0 

10 

10;  10 

9;9 

9.9 

10;  10 

0/M;0/L 

2/MD;6/D 

9,9 

4/M;2/MD 

0.  10 

10;  10 

9;9 

9.9 

9;9 

0/M;0/L 

2/MD;4/D 

9.9 

4/MD;4/MD 

1).  10 

10:  10 

9:9 

9.9 

9;9 

0/M;0/M 

2/D;  4/D 

9,9 



4/MD;4/MD 

System  3 

0;  10 

9;9 

10;  10 

n 

0/M;0/M 

1 

10;  10 

10;  10 

2/D;2/L 

Damage  mostly  on  edge  and  old  scribe. 

10 

10;  10 

9;9 

9;9 

10;  10 

0/M;0/M 

8/L;8/M 

10,9 

2/D.2IL 

0;  10 

9;9 

9;9 

0/M;0/M 

6/L;8/M 

9.9 

2/D;2/L 

0 

10 

9;9 

9;9 

9.9 

0/D;0/M 

6/MD;8/M 

9.9 

2/D;2/L 

0 

10 

10;  10 

9;9 

9;9 

9,9 

0/D;0/M 

6/MD;8/M 

9,9 

2/D;2/L 

0;  10 

10;  10 

9;9 

9;9 

9;9 

0/D;0/D 

4/MD;8/MD 

9;9 

2/D;2/MD 

System  4 

0;  10 

10;  10 

10;  10 

10;  10 

10: 10 

0/L;0/L 

10;  10 

10;  10 

6/MD;4/M 

Damage  mostly  on  edge  anil  old  scribe. 

u. 

10;  10 

10;  10 

10;  10 

10;  10 

0/L;0/L 

10,10 

10,10 

6/MD;4/M 

0;  10 

10;  10 

10;  10 

10;  10 

10;  10 

0/L;0/L 

10;  10 

10;  10 

2/MD;2/M 

0;  10 

10 

10 

10;  10 

9;9 

9;9 

0/L;0/L 

8/M;8/MD 

9;9 

2/MD;2/M 

•> 

10 

10:  10 

9;9 

9;9 

9,9 

0/L;0/M 

6/M;6/.MD 

9;9 

2/MD;2/M 

0:  10 

10;  10 

9i9 

9;9 

9.9 

0/M;M 

4/MD;4/MD 

9;9 

2/MD;2/M 

System  5 

0;  10 

10;  10 

9;  10 

10;  10 

0/L;0/L 

10;6/M 

10;10 

4/L;4/L 

— 

Damage  mostly  on  edge  or  old  scribe. 

0;  1 0 

10:  10 

9;10 

10;  10 

()/L;0/L 

10;4/M 

10;  10 

4/L;2/L 

0;  10 

10;  10 

9;  10 

10;10 

0/M;0/L 

10;  4/M 

10;  10 

2/L;2/L 

0;  10 

10;  10 

9;10 

9;9 

HebH 

0/M;0/L 

8/M;2/MD 

9;9 

2/M;2/L 

10 

10;  U) 

9;9 

0/D;0/L 

8/MD;2/D 

9.9 

2/MD;2/I. 

0;  10 

10;  10 

9;9 

0/D;0/M 

8/D;  2/D 

9.9 

2/MD;2/L 



System  6 

0 

10 

10 

10 

9,9 

■pm 

0/L;0/L 

8/M;8/L 

10;  10 

4/D;  4/D 

Damage  mostly  on  edge  anil  old  scr.l»c. 

0 

10 

10 

10 

WSSm 

9;9 

0/M;0/M 

6/MD;6/l. 

10;  10 

4/D;  4/D 

0 

10 

10 

10 

0/M;0/M 

4/MD;4/L 

10;  10 

2/D;  2/D 

0 

10 

10 

10 

0/M;0/M 

4/MD;4/L 

9;10 

2/D;  2/D 

0 

10 

10 

10 

0/M;0/D 

4/MD;4/L 

9;9 

2/D;  2/D 

0 

10 

10 

10 

111 

0/M;0/D 

4/D;4/L 

9;9 

- - 

2/D;  2/D 

L » light  M/S  * medium  tubcrculacion  in  scribe  0/Ni  « medium  rusting  in  scribe 

/L  » very  light  ll/S  » heavy  tuberculation  in  scribe 

7S  a light  tuberculation  in  scribe  ()/L  « light  rusting  in  scribe 


Tabic  C-4.  Ratings  of  St  stcm  Panels  on  Weathered  System  II 


1 Ratings  according  to  following  standards  — Chalking:  ASTM  D659:  Cracking:  ASTM  D661 ; Flaking:  ASTM  0772 : 

Time 

l-.xpi>scd 

(yr) 

General 

l*Totcctii»n 

Discoloration 

C^halking 

Cracking 

Flaking 

Rusting 

1 

Tuberculation 

1 

Scribe 

Rusting 

Blisl 

Type  1 

Type  11 

System  1 

1/2 

9" 

9 

4 

10 

10 

9 

10 

O/L 

1 

8* 

9 

4 

10 

10 

9 

10 

O/M 

11/2 

8* 

9 

4 

10 

10 

9 

9 

O/M 

2 

K* 

9 

4 

10 

10 

9 

9 

O/MD 

H* 

K 

2 

10 

10 

9 

9 

O/MD 

8 

7 

2 

10 

10 

9 

9 

9 

O/MD 

2 

System  3 

1/2 

9 

9 

6 

10 

10 

9 

9 

10 

O/M 

1 

8* 

9 

6 

10 

10 

9 

9 

10 

O/M 

1 

11/2 

8* 

9 

4 

10 

10 

9 

9 

10 

O/M 

1 

8 

7 

4 

10 

10 

9 

9 

9 

O/D 

1 

i2 

8" 

6 

4 

10 

9 

R 

8 

9 

O/D 

6/ 

} 

6 

4 

2 

10 

8 

8 

8 

9 

O/D 

2/ 

System  4 


1/2 

10 

8 

10 

10 

10 

10 

10 

O/L 

1 

9 

8 

10 

10 

10 

10 

10 

O/L 

1-1/2 

9 

8 

10 

10 

10 

10 

10 

O/L 

2 

9 

8 

10 

10 

9 

9 

10 

O/M 

2-1/2 

9 

8 

10 

10 

9 

9 

9 

O/M 

3 

8 

8 

10 

9 

9 

9 

O/MD 

1 

System  5 

1/2 

9^^ 

1 

10 

6 

10 

10 

9 

10 

10 

O/L 

1 

1 

9" 

9 

6 

10 

10 

9 

9 

10 

O/M 

I 

1-1/2 

9* 

9 

6 

10 

10 

9 

10 

O/M 

1 

2 

8'" 

8 

6 

10 

10 

9 

9 

O/MD 

8 

2-1/2 

8 

8 

8 

10 

10 

8 

9 

O/MD 

8/ 

3 

8" 

8 

8 

10 

10 

8 

9 

O/D 

H/S 

NOTE;  Meaning  of  abbreviations  - “ Rating  discontinued  after  failure. 


E s edge 
F *=  few 
S * slight 
M * medium 
}|  « heavy 
I)  * dense 
L * light 
V/L  * very  light 

L/S  » light  tuberculation  in  scribe 
M/S  * medium  tuberculation  in  scribe 
Fl/S  s heavy  tuberculation  in  scribe 
O/L  « light  rusting  in  scribe 
O/M  » medium  rusting  in  scribe 


k 


l ablc  04.  Ratings  ot  System  Panels  on  Weathered  System  111 


Chalking:  ASTM  1)659;  Craik.ng;  ASTM  1)661 ; Making;  ASTM  D772:  Rusting;  ASTM  D610;  Blistering;  ASTM  D714.I 


i : 1 

1 Rusting 

1 

Tubcrcuiation 

Scribe 

Rusting 

1 

Blistering 

1 

Undercutting  * 

Scribe 

Blistered 

Comments 

Type  1 

1 Type  11  j 

System  1 

9 

9 

10 

O/L 

10 

10 

6/L 

Damage  mostly  at  edge  and  old  scribe. 

9 

9 

10 

O/M 

10 

10  ! 

6/L 

9 

9 

9 

O/M 

10 

10 

4/L 

9 

9 

9 

O/MD 

2/F 

10  i 

4/L 

9 

9 

9 , 

O/MD 

2/F 

9 

2/M 

9 

9 

9 

O/MD 

2/F 

9 

2/M 

System  3 

■ 

9 

9 

10 

O/M 

10 

9 

4/MD 

Damage  mostly  at  edge  and  old  scribe. 

■ 

9 

9 

10 

O/M 

10 

9 

4/MD 

■ 

9 

9 

10 

O/M 

10 

9 

2/D 

■ 

9 

9 

9 

O/D 

10 

9 

2/D 

■ 

8 

8 

9 

O/D 

6/M 

9 

2/D 

■ 

8 

9 

O/D 

2/D 

9 

2/D 

Failed." 

System  4 

■ 

10 

10 

wBM 

O/L 

10 

10 

10 

Damage  mostly  on  edge  or  old  scribe. 

■ 

10 

10 

O/L 

10 

10 

8/M 

■ 

10 

10 

O/L 

10 

10 

8/M 

■ 

9 1 

9 

O/M 

8/M 

10 

8/M 

■ 

9 

9 

O/M 

4/M 

9 

4/M 

1 

9 

9 

O/MD 

2/D 

9 

4/M 

System  5 

■ 

’I 

10 

10 

O/L 

10 

10 

8/L 

Damage  mostly  on  edge  or  old  scribe. 

■ 

9 

10 

O/M 

10 

10 

4/L 

■ 

9 1 

10 

O/M 

10 

9 

2/L 

■ 

9 

9 

O/MD 

8/L 

9 

■ 

M 

H 

9 

O/MD 

8/M 

9 

■ 

K 

8 

9 

O/D 

8/MD 

9 

2/MD 

“ Rating  discontinued  after  failure. 
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DISTRIBUTION  LIST 


AFB  ( AFIT/LD).  Wright-Patterson  OH;  AFCEC/XR.Tyndall  FL;  CESCH,  Wright-Patterson;  HQ  Tactical  Air  Cmd(R. 
E.  Fisher),  l.angley  AFB  VA;  M AC/DET  (Col.  P.  Thompson)  Scott.  IL:  SAMSO/MNNF.  Norton  AFB  CA;  Stinfo 
l.ibrary.  Offutt  NE 

ARMY  BMDSC-RElH.  McClellan)  Huntsville  AL;  DAEN-CWE-M  (LT  C D Binning).  Washington  DC;  DAEN-FEU. 
Washington  DC;  DAEN-FEU-E  (J.  Ronan).  Washington  DC;  DAEN-MCE-D  Washington  DC;  ERADCOMTech 
Supp  Dir.  (DELSD-l.)  Ft.  Monmouth.  NJ;  HQ-DAEN-FEB-P(Mr.  Price);  Tech.  Ref.  Div..  Fort  Huachuca.  AZ 
ARMY  - CERE  Library.  Champaign  IL 

ARMY  COASTAl.  ENGR  RSCH  CEN  Fort  Belvoir  V A;  R.  Jachowski.  Fort  Belvoir  VA 
ARMY  CORPS  OF  ENGINEERS  MRD-Eng.  Div..  Omaha  NE;  Seattle  Dist.  Library.  Seattle  WA 
ARMY  CRRELConstr.  Engr  Res  Branch.  (Aamot) 

ARMY  ENG  DIV  HNDED-CS.  Huntsville  AL;  Hnded-Sr.  Huntsville.  AL 
ARMY  ENG  WATERWAYS  EXP  STA  Library.  Vicksburg  MS 
ARMY  ENGR  DIST.  Library.  Portland  OR 

ARMY  ENVIRON.  HYGIENE  AGCY  Water  Qual  Div  (Doner).  Aberdeen  Prov Ground.  MD 
ARMY  MATERIALS*  MECHANICS  RESEARCH  CENTER  Dr.  Lenoe.  Watertown  MA 
ARMY-PLASTEC  Picatinny  Arsenal  (A  M Anzalone.  SMUPA-FR-M-D)  Dover  NJ 
AS.ST  SECRETARY  OFTHE  NAVY  Spec.  Assisi  Energy  (P.  Waterman).  Washington  DC 
BUREAU  OFCOMMERCIAL  FISHERIES  Wrxtds  Hole  MA  (Biological  Lab.  Lib.) 

BUREAU  OF  RECLAMATION  Code  LM’lC.  Selander)  Denver  CO 
CINCLANT Civil  Engr.  Supp.  Plans.  Ofr  Norfolk.  V A 
CINCPAC  Fac  Engrng  Div  (J44)  Makalapa.  HI 
CNAVRESCrxIe  l3(Dir.  Facilities)  New  Orleans.  LA 

CNM  Code  MAT-08T3.  Washington.  DC;  NM  AT  08T246  (Dieterle)  Wash.  DC 
CNOCode  NOP-9M.  Washington  DC;  OP987J  (J.  Boosman).  Pentagon 
COMCBPAC  Operations  Off . Makalapa  HI 

COMFLEACT.  OKINAWA  Commander.  Kadena  Okinawa;  PWO.  Kadena.  Okinawa 
COMfK'EANSYSPACSCE.  Pearl  Harbor  HI 
DEFENSE  IXXTU MENTATION  CTR  Alexandria.  VA 
DOE  Dr.  Cohen 

DTNSRDCCixle  I72(M.  Krenzke).  Belhesda  MD 
|yrNSRDCCiHle284(A.  Rufolo).  Annapolis  MD 
DTN  SR  DC  Code  4 1 1 1 ( R . Gierich ).  Bethesda  M D 
DTNSRDC Code4l2l  (R.  Rivers).  Annapolis.  MD 
DTNSRDCCode42.  Bethesda  MD 

ENERGY  R&D  ADMIN.  INELTech.  Lib.  (Reports  Section).  Idaho  Falls  ID 

FLTCOMBATTRACENl.ANT  PWO.  Virginia  Bch  VA 

FMFLANTCECOffr.  Norfolk  VA 

GSA  Fed.  Sup.  Serv.  (FMBP).  Washington  DC 

HEDSUPPACT  PWO.  Taipei.  Taiwan 

HQFORTRPS  2nd  FSCG.  (Caudillo)  Camp  Lejeune.  NC 

KWAJALEIN  MISRAN  BMDSC-RKL-C 

MARINE  CORPS  BASE  Camp  Pendleton  CA  920.^.3;  Code  43-260.  Camp  Lejeune  NC;  M & R Division.  Camp  Lejeune 
NC;  PWO.  Camp  S.  D.  Butler.  Kawasaki  Japan 
MARINE  CORPS  DIST  9.  Code  043.  Overland  Park  KS 
MARINE  CORPS  HQS  Code  LFF-2.  Washington  DC 

MCAS  Facil.  Engr.  Div.  Cherry  Point  NC;  CO.  Kaneohe  Bay  HI;  Code  PWE.  Kaneohe  Bay  HI;  Code  S4.  Quantico 
VA;  J.  Taylor.  IwakunI  Japan;  PWD.  Dir.  Main!.  Control  Div..  Iwakuni  Japan;  PWO  Kaneohe  Bay  HI;  PWO. 

Yuma  AZ;  UTC  Dupalo.  Iwakoni.  Japan 
MCDEC  P&S  Div  Quantico  VA 
MCRD  PWO.  San  Diego  Ca 

NAD  Code  01  IB-1.  Hawthorne  NV;  Dir.  PW  Eng.  Div.  McAlester.  OK;  Engr.  Dir.  Hawthorne.  NV;  PWDNal./Resr. 

Mgr  Forester.  McAlester  OK 
NAF  PWO  Sigonella  Sicily;  PWO.  Atsugi  Japan 

NAS  Asst  C/S  CE  Corpus  Christi.  TX;  CO.  Guantanamo  Bay  Cuba;  Code  1 14.  Alameda  CA;  Code  1 83  (Fac.  Plan  BR 
MGR);  Codel8700.  BrunswickME;  Code  I8U  (ENS  P.J.  Hickey).  Corpus  Christi  TX;  Code  6234  (G.  Trask). 
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Point  MuguCA;  Code  70,  Allanlu.  Marietta  GA;  Code  8E.  Patuxent  Riv.,  MD;  Dir.  Maint.  Control  Div.,  Key  West 
PI.;  Dir.  Util.  Div..  Bermuda;  ENS  Buehholz.  Pensacola,  EE;  l.akehurst,  NJ;  Lead.  Chief.  Petty  Offr.  PW/Self 
Help  Div,  Beeville  TX;  OIC.  CBU  417.  Oak  Harbor  WA;  PW(J.  Maguire).  Corpus  Christi  TX;  PWDIM.B. 

Prewitt),  Dallas  TX;  PWD  Maint.  Cent.  Dir..  Fallon  NV;  PWD  Maint.  Div..  New  Orleans,  Belle  Chasse  EA;  PWD. 
Maintenance  Control  Dir..  Bermuda;  PWD,  Willow  Grove  PA;  PWO(M.  Elliott).  Eos  Alamitos  CA;  PWO  Belle 
Chasse.  l.A;  PWO  Chase  Field  Beeville.  TX;  PWO  Key  West  EE;  PWO.  Dallas  TX;  PW  O.  Glenview  IE;  PWO. 
KingsvilleTX;  PWO.  Millington  TN;  PWO.  Miramar,  San  DiegoCA;  PWO,.  Moffett  FieldCA;  ROICC  Key  West 
EE;  SCE  Eant  Fleet  Norfolk.  VA;  SCE  Norfolk.  VA;  SCE.  Barbers  Point  HI 
NATE  BUREAU  OF  STANDARDS  B-348  BR(Dr.  Campbell).  Washington  DC 
NATl.  RESEARCH  COUNCIE  Naval  Studies  Board.  Washington  DC 
NATNAVMEDCEN  PWO  Bethesda,  MD 
NATPARACHUTETESTRAN  PW  Engr.  El  Centro  CA 
NAVACT  PWO.  Eondon  UK 
NAVACTDET  PWO.  Holy  EiK'k  UK 
NAVAEROSPREGMEDCEN  SCE.  Pensacola  EE 

NAVAL.  FACII.ITY  PWO.  Barbados;  PWO.  Cape  Hatteras,  Buxton  NC;  PWO,  Centerville  Bch,  Ferndale  CA;  PWO. 
Guam 

NAVAVIONICFAC  PWD  Deputy  Dir.  D/701 . Indianapolis.  IN 

NAVCOASTSYSEAB  Code  423  (D.  Good),  Panama  City  FE;  Code  715  (J.  Mittleman)  Panama  City.  FE;  Code  715  (J. 
Quirk)  Panama  City.  FE;  Eibrary  Panama  City.  FE 

NAVCOMMAREAMSTRSTA  Code  W-602,  Honolulu.  Wahiawa  HI;  Maint  Control  Div.,  Wahiawa.  HI;  PWO.  Norfolk 
VA;  PWO,  Wahiawa  HI;  SCE  Unit  I Naples  Italy 

NAVCOMMSTA  CO.  San  Miguel,  R.P.;  Code  401  Nea  Makri.  Greece;  PWO.  Adak  AK;  PWO.  Exmouth.  Australia; 

PWO.  Fort  Amador  Canal  Zone 
NAVCOMMUNITCutler/E.  MachiasMEtPW  Gen.  For.) 

NAVCONSTRACEN  COtCDR  C.E.  Neugent),  Port  Hueneme,  CA;  Code  74000  (Bodwell)  Port  Hueneme,  CA 
NAVEDTRAPRODEVCEN  Tech.  Eibrary 
NAVENVIRH1.THCEN  CO,  Cincinnati.  OH 
N AVEODFAC  Code  M)5.  Indian  Head  MD 
NAVFAC  PWO.  Eewes  DE 

NAVFACENGCOM  Code  043  Alexandria.  VA;  Code  044  Alexandria.  VA;  Code  0451  Alexandria.  VA;  Code  0453  (D. 
Potter)  Alexandria.  VA;  Code  0454B  Alexandria.  Va;  Code  040;  Code  0461  D(  V M Spaulding);  Code04B3 
Alexandria.  VA;  Code04B5  Alexandria,  VA;  Code  101  Alexandria,  VA;  Code  10133  (J.  Eeimanis)  Alexandria.  VA; 
Code  1023  (M,  Carr)  Alexandria.  VA;  Code  1023  (T.  Stevens)  Alexandria,  VA;  Code  104  Alexandria.  VA;  Code 
2014  (Mr.  Taam),  Pearl  Harbor  HI;  Morrison  Yap,  Caroline  Is.;  PC-22  (E.  Spencer)  Alexandria,  VA;  Pl,-2  Ponce 
P.R.  Alexandria,  VA 

NAVFACENGCOM  -CHES  DIV.  Code  101  Wash.  DC;  Code  402  (R.  MoronyjWash.  DC;  Code  403  (H.  DeVoe) 

Wash.  DC;  Code  405  Wash,  DC;  Code  FPO-I  (Ottsen)  Wash.  DC;  Code  FPO-IC2  Wash.  DC;  Code  FK)-ISP(Dr. 
Eewis)  Wash.  DC;  Code  FPO-IPI2(Mr.  Scola),  Washington  DC;  Contracts.  ROICC.  Annapolis  MD;  Scheessele, 
Code  402.  Wash,  DC 

NAVFACENGCOM  - EANT  DIV,;  Code  lOA,  Norfolk  VA;  Eur.  BR  Deputy  Dir,  Naples  Italy;  RDT&EEO09P2, 
Norfolk  VA 

NAVFACENGCOM  - NORTH  DIV.  AROICC,  Brooklyn  NY;  CO;  Code  OOP  (ECDR  A.J.  Stewart);  Code  1028. 
RDT&EEO,  Philadelphia  PA;  Code  1 1 1 (Castranovo)  Philadelphia.  PA;  Code  1 14  (A.  Rhoads);  Design  Div.  (R. 
Masino).  Philadelphia  PA;  ROICC.  Contracts,  Crane  IN 

NAVFACENGCOM  - PAC  DIV.  Code 09DG  (Donovan).  Pearl  Harbor.  HI;  Code  402,  RDT&E.  Pearl  Harbor  HI; 
Commander.  Pearl  Harbor,  HI 

NAVFACENGCOM -SOUTH  DIV,  Code  90.  RDT&EEO.  Charleston  SC;  Dir.  New  Orleans  EA;  ROICCdXDR  R. 
Moeller).  Contracts,  Corpus  Christi  TX 

NAVFACENGCOM -WEST  DIV.  102;  112;  AROICC,  Contracts.  Twentynine  Palms  CA;  Code  04B;  O9P/20; 
RDT&EEO  Code  201 1 San  Bruno.  CA 

NAVFACENGCOM  CONTRACT  AROICC,  Point  MuguCA;  AROICC.  Quantico.  VA;  Code  05.  TRIDENT. 

Bremerton  WA;  Dir.  Eng.  Div.,  Exmouth.  Australia;  Eng  Div  dir.  Southwest  Pac,  Manila,  PI;  OICC,  Southwest 
Pac,  Manila,  PI;  OICC/ROICC.  Balboa  Canal  Zone;  ROICC  (Ervin)  Puget  Sound  Naval  Shipyard.  Bremerton.  WA; 
ROICC  (ECDR  J.G.  l.eech),  Subic  Bay.  R.P.;  ROICC  EANT  DIV.,  Norfolk  VA;  ROICC  Of f Point  Mugu.CA; 
ROICC.  Diego  Garcia  Island;  ROICC.  Keflavik,  Iceland;  ROICC.  Pacific,  San  Bruno  CA 
NAVHOSP  ET  R.  Elsbernd.  Puerto  Rico 
NAVMAGSCE.Guam 
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NAVMIROOIC.  Philadelphia  PA 

NAVNUPWRU  MUSE  DET  Code  NPU80(ENS  W.  Morrison).  Port  HuenemeCA;  Code  NPU-.WPort  Hueneme,  CA 
NAVOCEANOCode  1600  Bay  St.  Louis.  MS;  Code  .14.12  (J.  DePalma).  Bay  St.  Louis  MS 

NAVOCEANSYSCEN  Code  .12  (H.  Talkington)  San  Diego  C A;  Code  .1224  (R.. I ones)  San  Diego  CA;  Code  6.S65  (Tech. 
Lib.).  San  Diego  CA;  Code  6700.  San  Diego.  CA;  Code  7.1 1 1 (PWO)  San  Diego.  C A;  Research  Lib..  San  Diego  CA; 
SCE  (Code  66(X)).  San  Diego  CA 
NAVORDSTA  PWO.  Louisville  KY 
NAVPETOEE Code  .10.  Alexandria  V A 

NA  VPGSCOL  Code  1424  Monterey.  CA;  LCDR  K.C,  Kelley  Monterey  CA 

NAVPHIBASE  CO.  ACB  2 Norfolk.  V A;  Code  S.1T.  Norfolk  V A;  Harbor  Clearance  Unit  Two.  Little  Creek.  VA; 

OIC.  UCT  ONE  Norfolk.  Va 
NAVRADRECFAC  PWO.  Kami  Seya  Japan 

NAVREGMElX'ENCode  .1041 . Memphis.  Millington  TN;  PWO  Newport  Rl;  PWO  Portsmouth.  VA;  SCE(D.  Kaye); 

SCE  (LCDR  B.  E.  Thurston).  San  Diego  CA;  SCE.  Guam 
NAVSCOLCECOEE  C1.1  Port  Hueneme.  C A;  C44A  (R.  Chittenden).  Port  Hueneme  CA;  CO.  Code  C44A  Port 
Hueneme.  CA 

NAVSEASYSCOM  Code  OOC  (LT  R.  MacDougal).  Washington  DC;  Code  SEA  OOC  Washington.  DC 
NAVSEC  Code 6014 (Library).  Washington  DC 

NAVSECGRUACT  Eacil.  Off..  Galeta  Is.  Canal  Zone;  PWO.  Edzell  Scotland;  PWO.  Puerto  Rico;  PWO.  Torri  Sta. 

Okinawa;  Security  Offr.  Winter  Harbor  ME 
NAVSHIPREPFAC  Library.  Guam;  SCE  Subic  Bay 

NAVSHIPYDCO  Marine  Barracks.  Norfolk.  Portsmouth  VA;  Code  202.4.  Long  Beach  CA;  Code  202.. 1 (Library) 
Puget  Sound.  Bremerton  WA;  Code  180.  (Wixnlroff)  Norfolk.  Portsmouth.  VA;  Code  4(K).  Puget  Sound;  Code  404 
(L  r J.  Riccio).  Norfolk.  Portsmouth  VA;  Code  410.  Mare  Is..  Vallejo  CA;  Code  440  Portsmouth  NH;  Code  440. 
Norfolk;  Code  440.  Puget  Sound.  Bremerton  WA;  Code  440.4.  Charleston  SC;  Code  450.  Charleston  SC;  L.D. 
Vivian;  Library.  Portsmouth  NH;  PWD(Code  400).  Philadelphia  PA;  PWD(LT  N.B.  Hall).  Long  Beach  CA;  PWO. 
Mare  Is.;  PWO.  Puget  Sound;  SCE.  Pearl  Harbor  HI;  Tech  l.ibrary.  Vallejo.  CA 
NAVSTA  CO  Naval  Station.  Mayport  FL;  CO  Roosevelt  Roads  P.R.  Puerto  Rico;  Engr.  Dir..  Rota  Spain;  Maint. 

Cont.  Div . . GutinUtnamo  Bay  Cuba;  Maint.  Div.  Dir/Code  511.  Rodman  Canal  Zone;  PWD(LTJG.P.M. 
Motolenich).  Puerto  Rico;  PWO  Midway  Island;  PWO.  Guantanamo  Bay  Cuba;  PWO.  Keflavik  Iceland;  PWO. 
Mayport  FI.;  ROICC  Rota  Spain;  ROICC.  Rota  Spain;  SCE.  Guam;  SCE.  San  Diego  CA;  SCE.  Subic  Bay.  R.P.; 
Utilities  Engr  Off.  (LTJG  A.S.  Ritchie).  Rota  Spain 
NAVSUBASE  LTJG  D.W.  Peck.  Groton.  CT;  SCE.  Pearl  Harbor  HI 

NAVSUPPAtT  CO.  Brooklyn  NY;  CO.  Seattle  WA;  Code  4.  12  Marine  Corps  Dist.  Treasure  Is..  San  Francisco  CA; 

Code  411.  .Seattle  WA;  LTJG  McGarrah.  Vallejo  CA;  Plan/Engr  Div..  Naples  Italy 
NAVSURFWPNCEN  PWO.  White  Oak.  Silver  Spring.  MD 
NAVTECHTRACEN  SCE.  Pensacola  FL 

NAVWPNCEN  Code  26.16  (W.  Bonner).  China  Lake  CA;  PWO  (Code  26).  China  Lake  CA;  ROICC  (Code  702).  China 
Lake  CA 

NAVWPNEVALEAC Technical  Library.  Albuquerque  NM 

NAVWPNSTA(Clebak)  Colts  Neck.  NJ;  Code  092.  Colts  Neck  NJ;  ENS  G.A.  Lowry.  Fallbrook  CA;  Maint.  Control 
Dir..  Yorktown  VA;  PW  Office  (CodeOOCI ) Yorktown.  VA 
NAVWPNSUPPCEN  Code 09  (Boennighausen) Crane  IN 
NAVXDI VINGU  LT  A.M.  Parisi.  Panama  City  FL 
NCBU  405  OIC.  .San  Diego.  CA 

NCBCCEL  (CAPT  N.  W.  Petersen).  Port  Hueneme.  CA;  CEL  AOIC  Port  Hueneme  CA;  Code  10  Davisville.  RI; 

Code  155.  Port  Hueneme  CA;  Code  156,  Port  Hueneme.  C A;  Code  4(K).  Gulfport  MS;  PW  Engrg.  Gulfport  MS; 
PWO  (CixIe8(V fort  Hueneme.  CA;  PWO,  Davisville  Rl 
NCBU  41 1 OIC,  Norfolk  VA 
NCR  20.  Commtinder 
NCSO  BAHRAIN  Security  Offr,  Bahrain 

NMCB  111  (ENST.W.  Nielsen);  5.  Operations  Dept.;  74,  CO;  Forty.  CO;  THREE.  Operations  Off. 

N..TRDA  Code440(Ocean  Rsch.  Off)  Bay  St.  Louis.  MS 

NRL  Code  8400(J.  Walsh).  Washington  IX";  Code  8441  (R.A.  Skop),  Washington  DC 
NSC  Code  .14. 1 (Wynne).  Norfolk  V A 
NSD  SCE.  Subic  Bay,  R.P. 

NTC  Code  .14  (ENS  P.  G.  Jackel).  Orlando  FL;  Commander  Orlando.  FL;  OICC.  CBU-401 . Great  Lakes  IL;  SCE 
Great  Lakes,  il. 
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NUSC  Code  131  New  London,  CT;  Code  EA 123  (R.S.  Munn),  New  London  CT;  Code  TA131  (G.  De  la  Cruz).  New 
l.ondon  CT 

(K'EANSYSl.ANT  LT  A.R.  Giancolu.  Norfolk  VA 

ONR  BROFE,  CO  Boston  M A;  Code  70()F  Arlington  VA:  Dr.  A.  Laufer.  Pasadena  CA 
PMTC  Code  42.3.3-3,  Point  Mugu.  CA;  Pat.  Counsel.  Point  Mugu  CA 

PWC  FN.S  J.F,  Surash,  Pearl  Harbor  HI;  ACE  Office  (LTJG  St,  Germain)  Norfolk  VA:  CO  Norfolk.  VA;  CO.  Great 
Lakes  If.;  Code  1 16(l,TJG.  A.  Eckhart) Great  Lakes.  II,;  Code  120.  Oakland  C A;  Code  1 20C  (Library)  San  Diego. 
CA:  Code  128.  Guam;  Code  200.  Great  Lakes  IL;  Code  2(H).  Guam;  Code  200.  Oakland  CA;  Code  220  Oakland. 

CA;  Code  220. 1 . Norfolk  VA:  Code  .30C  ( Boettcher)  San  Diego.  CA;  Code  40 (C.  Kolton)  Pen.sacola.  FL;  Code 
.3().3A  ( H . Wheeler);  Code  680.  San  Diego  CA;  Library.  Subic  Bay,  R.P.;  OIC  CBU-40.S,  San  Diego  CA;  XO 
Oakland.  CA 

.spec  Code  122B,  Mechanicsburg.  PA:  PWOtCode  120)  Mechanicsburg  PA 
UCTTWO  OIC.  Port  Hueneme  CA 

U..S.  MERCHANT  MARINE  ACADEMY  Kings  Point.  NY  (Reprint  Custodian) 

US  Dt'PT  OF  AGRIC  Forest  Products  Lab,  Madison  Wl;  Forest  Products  Lab.  (R.  DeGrtxit).  Madison  W1 

US  GEOLOGICAL  SURVEY  Off.  Marine  Geology.  Piteleki,  Reston  VA 

USAF  SCH(K)L  OF  AEROSPACE  MEDICINE  Hyperbaric  Medicine  Div,  Brooks  AFB.  TX 

USCG(G-ECV/61)( Burkhart)  Washington.  DC;  G-EOE-4/61  (T.  Dowd).  Washington  DC;  (G-ECV)  Washington  Dc 

USC'G  ACADEMY  LT  N.  Stramandi.  New  London  CT 

USCG  R&D  CENTER  Tech.  Dir.  Groton,  CT 

USNA  Ocean  Sys,  EngDept(Dr.  Monney)  Annapolis.  MD;  PWDEngr.  Div.(C.  Bradford)  Annapolis  MD;  PWO 
Annapolis  MD 

AMERICAN  CONCRETE  INSTITUTE  Detroit  Ml  (Library) 

CALIF.  DEPT  OF  NAVIGATION  & OCEAN  DEV.  Sacramento.  CA  (G.  Armstrong) 

CALIF.  MARITIME  ACADEMY  Vallejo,  CA  (Library) 

CORNELL  UNIVERSITY  Ithac.t  NY  (Serials  Dept,  Engr  Lib.) 

DAMES  & M(X)RE  LIBRARY  LOS  ANGELES.  CA 
DUKE  UNIV  MEDICAL  CENTER  B.  Muga.  Durham  NC 

FLORIDA  ATLANTIC  UNIVERSITY  BOCA  RATON,  FL  (MC  ALLISTER):  Boca  Raton  FL  (Ocean  Engr  Dept.,  C. 
Lin) 

FLORIDA  ATLANTIC  UNIVERSITY  Boca  Raton  FL  (W.  Tessin) 

FLORIDA  TECHNOLOGICAL  UNIVERSITY  ORLANDO.  FL  (HARTMAN) 

INSTITUTE  OF  MARINE  SCIENCES  Morehead  City  NC  (Director) 

IOWA  STATE  UNIVERSITY  Ames  lA  (CE  Dept,  Handy) 

VIRGIN  I A INST.  OF  MARINE  SCI.  Gloucester  Point  V A (Library) 

LEHIGH  UNIVERSITY  BETHLEHEM,  PA  (MARINE  GEOTECHNICAL  LAB..  RICHARDS);  Bethlehem  PA 
(Linderman  Lib.  No. .30.  Flecksteiner) 

LIBRARY  OF  CONGRESS  WASHINGTON,  DC  (SCIENCES  & TECH  DIV) 

MAINE  MARITIME  ACADEMY  (Wyman)  Castine  MF;  CASTINE,  ME  (LIBRARY) 

MICHIGAN  TECHNOLOGICAL  UNIVERSITY  Houghton.  MI  (Haas) 

MIT  Cambridge  MA;  Cambridge  MA  (Rm  IO-.300.  Tech.  Reports.  Engr.  Lib.) 

NATL  ACADEMY  OF  ENG.  ALEXANDRIA,  VA  (SEARLE.  JR.) 

NY  CITY  COMMUNITY  COLLEGE  BROOKLYN.  NY  (LIBRARY) 

UNIV,  NOTRE  DAME  Katona.  Notre  Dame,  IN 

OREGON  STATE  UNIVERSITY  (CE  Dept  Grace)  Corvallis,  OR;  CORVALLIS.  OR  (CE  DEPT.  HICKS);  Corvalis 
OR  (School  of  Oceanography) 

PENNSYLVANIA  STATE  UNIVERSITY  STATE  COLLEGE.  PA  (SNYDER) 

PURDUE  UNIVERSITY  Lafayette,  IN  (AltschaeffI);  Lafayette.  IN  (CE  Engr.  Lib) 

.SAN  DIEGO  STATE  UNIV.  1.  NooranySan  Diego.  CA 

.SCRIPPS  INSTITUTE  OF  OCEANOGRAPHY  LA  JOLLA.  CA  (ADAMS);  San  .Diego.  CA  (Marina  Phy.  Lab.  Spiess) 
SOUTHWEST  RSCH  INST  R.  DeHart,  San  Antonio  TX 

STANFORD  UNIVERSITY  Engr  Lib.  Stanford  CA;  STANFORD.  CA  (DOUGLAS) 

STATE  UNIV.  OF  NEW  YORK  Buffalo.  NY 

TEXAS  A&M  UNIVERSITY  COLLEGE  STATION.  TX  (CE  DEPT);  College  Station  TX  (CE  Dept.  Herbich) 
UNIVERSITY  OF  CALIFORNIA  BERKELEY.  CA  (CE  DEPT,  GERWICK);  BERKELEY.  CA  (OFF.  BUS.  AND 
FINANCE,  SAUNDERS);  Berkeley  CA  (B.  Bresler);  Berkeley  CA  (E.  Pearson);  DAVIS,  CA  (CE  DEPT. 
TAYLOR);  M.  Duncan.  Berkeley  CA 

UNIVERSITY  OF  DELAWARE  Newark.  DE  (Dept  of  Civil  Engineering.  Chesson) 
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UNIVERSITY  OF  HAWAII  HONOLULU.  HI  (SCIENCE  ANDTECH.  DIV.) 

UNIV  ERSITY  OE  ILLINOIS  Metz  Ref  Rm,  Urbana  IL;  URBAN  A.  IL  (DAVISSON);  URBAN  A.  IL  (LIBRARY); 

URBANA.  IL(NEWARK);  Urbana  IL(CE  Dept.  W.  Gamble) 

UNIVERSITY  OE  MASSACHUSETTS  (Heronemus).  Amherst  MACE  Dept 
UNIVERSITY  OF  MICHIGAN  Ann  Arbor  Ml  (Richart) 

UNIVERSITY  OF  NEBRASKA-LINCOLN  Lincoln.  NE  (Ross  Ice  Shelf  Proj.) 

UNIVERSITY  OF  PENNSYLVANIA  PHILADELPHIA.  PA  (SCHOOL  OF  ENGR  & APPLIED  SCIENCE.  ROLL) 

UNIVERSITY  OFTE-XAS  Inst.  Marine  Sci  (Library).  Port  Arkansas TX 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  AUSTIN.  TX  (THOMPSON);  Austin.  TX  (Breen) 

I NIVERSITYOF  WASHINGTON  Dept  of  Civil  Engr  (Dr.  Mattock),  Seattle  WA;  SEATTLE,  WA  (OCEAN  ENG 
RSCH  LAB.  GRAY);  Seattle  WA  (E.  Linger) 

UNIV  ERSITY  OF  WISCONSIN  Milwaukee  Wl  (Ctr  of  Great  Lakes  Studies) 

L RS  RESEARCH  CO.  LIBRARY  SAN  MATEO.  CA 
At  FRED  A.  YEF.&  ASSOC.  Honolulu  HI 
AMFTEK  Offshore  Res.  & Engr  Div 
ARVIDGRANTOLYMPIA.  WA 
ATLANTIC  RICHFIELD  CO.  DALLAS,  TX  (SMITH) 

■AUSTRALIA  Dept.  PW  (A.  Hicks).  Melbourne 
BECHTEL  CORP.  SAN  FRANCISCO.  CA  (PHELPS) 

BELGIUM  HAECON.  N.V  .Gent 

BETHLEHEM  STEEL  CO.  BETHLEHEM.  PA(STEELE) 

BROWN  & R(X)T  Houston  TX  (D,  Ward) 

CANADA  Can-Dive  Services  (English)  North  Vancouver;  Mem  Univ  Newfoundland  (Chari).  St  Johns;  Surveyor. 

Nenninger&Chenevert  Inc..  Montreal 
CF  BRAUN  CO  Du  Bouchet.  Murray  Hill,  NJ 
CH  EM  ED  CORP  Lake  Zurich  IL  (Dearborn  Chem.  Div.  Lib.) 

COLUMBIA  GULFTRANSMISSION  CO.  HOUSTON.  TX  (ENG.  LIB.) 

CONCRETE  TECHNOLOGY  CORP.  TACOMA.  WA  (ANDERSON) 

DILLINGHAM  PRECAST  F.  McHale,  Honolulu  HI 
DRAVO  CORP  Pittsburgh  PA  (Giannino);  Pittsburgh  PA  (Wright) 

EVALUATION  ASSOC.  INC  KING  OF  PRUSSIA.  PA  (FEDELE) 

FORD.  BACON  & DAVIS.  INC.  New  York  (Library) 

FRANCE  Dr.  Dutertre,  Boulogne;  L.  Pliskin,  Paris;  P.  Jensen.  Boulogne;  Roger  LaCroix.  Paris 
GENERAL  DYNAMICS  Elec.  Boat  Div..  Environ.  Engr  (H.  Wallman),  Groton  CT 
GEOTECHNICAL  ENGINEERS  INC.  Winchester.  M A (Paulding) 

GLIDDEN  CO.  STRONGSVILLE.  OH  (RSCH  LIB) 

GOULD  INC.  Shady  Side  MDiChes.  Inst.  Div..  W.  Paul) 

GRUMMAN  AEROSPACE  CORP.  Bethpage  N Y (Tech.  Info.  Ctr) 

HALEY  & ALDRICH.  INC.  Cambridge  M A (Aldrich.  Jr.) 

HUGHES  AIRCRAFT  Culver  City  CA(Tech.  Doc.  Ctr) 

ITALY  M.  Caironi,  Milan;  Sergio Tattoni  Milano;  Torino(F.  Levi) 

MAKAI  OCEAN  ENGRNG  INC,  Kailua,  HI 

KENNETH  TATOR  ASSOC  COR  AOPOLIS.  PA  (LIBRARY) 

KOREA  Korea  Rsch  Inst.  Ship  & Ocean  (B.  Choi).  Seoul 
LAMONT-DOHERTY  GEOLOGICAL  OBSERV.  Palisades  NY  (Selwyn) 

LfJCKHEED  MISSILES  & SPACE  CO.  INC.  Mgr  Naval  Arch  & Mar  Eng  Sunnyvale.  CA;  Sunnyvale  CA 
(Rynewicz);  Sunnyvale.  CA  (Phillips) 

I.OCKHEEDOCEAN  LABORATORY  SAN  DIEGO.  CA  (PRICE) 

MARATHON  OIL  CO  Houston  TX  (C.  Seay) 

MARINE  CONCRETE  STRUCTURES  INC.  MEFAIRIE,  LA  (INGRAHAM ) 

MCTXJNNEL  AIRCRAFT  CO.  Dept  .‘<01  (R.H.  Fayman).  St  Louis  MO 
MEDAl.L  & ASSOC.  INC.  J.T.  GAFFEY  II  SANTA  ANA,  CA 
MEXICO  R.  Cardenas 

MOBIL  PIPE  LINE  CO.  DALLAS.  TX  MGR  OF  ENGR  (NOACK) 

MUESER,  RUTLEIXJE.  WENTWORTH  AND  JOHNSTON  NEW  YORK  (RICHARDS) 

NEW  ZEALAND  New  Zealand  Concrete  Research  Assoc.  (Librarian),  Porirua 
NEWPORT  Ni;ws  SHIPBLDG  & DRYDOCK  CO.  Newport  News  VA  (Tech.  Lib.) 

NORWAY  DET  NORSKE  VERITAS  (Roren) Oslo;  1.  Foss,  Oslo;  J.  Creed.  Ski;  Norwegian  Tech  Univ  (Brandtzacg). 
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Irondheim 

(K'F.AN  DATA  SYSTEMS.  INC.  SAN  DIEGO.  CA  (SNODGRASS) 

OCEAN  RESOURCE  ENG.  INC.  HOUSTON.  TX  (ANDERSON) 

OFFSHORE  DEVEEOPMENT  ENG.  INC.  BERKELEY.  CA 
PACIFIC  MARINE  TECHNOLOGY  LONG  BEACH.  CA(WaGNER) 

PORTLANDCEMENT  ASSOC.  SKOKIE.  IL  (CORELY);  SKOKIE.  IL  (KLIEGER);  Skokie  11.  (Rsch  & Dev  Lab. 
Lib.) 

PRESCON  CORPTOWSON.  MD(KELLER) 

PUERTO  RICO  Puerto  Rico  (Rsch  Lib.).  Mayaquez  P R 
RANDCORP.  Santa  Monica  CA  (A.  Laupa) 

RAYMOND  INTERNATIONAL  INC.  E Colle  Soil  Tech  Dept.  Pennsauken.  NJ 
RIVERSIDE  CEMENT  CO  Riverside  CA  (W.  Smith) 

SANDIA  LABORATORIES  Library  Div..  Livermore  CA 
SCHUPACK  ASSOC  SO.  NORWALK.  CT  (SCHUPACK) 

SEAFOOD  LABORATORY  MOREHEADCITY.  NC(LIBRARY) 

SEATECH  CORP.  MIAMI.  FL  (PERONI) 

SHELL  OIL  CO,  HOUSTON.  TX  (MARSHALL);  Houston  TX(R.  de  Castongrene) 

SOUTH  AMERICA  N.  Nouel.  Valencia.  Venezuela 
SWEDEN  GcoTech  Inst;  VBB  (Library).  Stockholm 
TECHNICAL  COATINGS  CO  Oakmont  PA  (Library) 

TIDEWATER  CONSTR.  CO  Norfolk  V A (Fowler) 

I R W S Y STE  M S R E DON  DO  B E A C H . C A ( DA  I ) 

UNITED  KINGDOM  Cement  & Concrete  Assik  (G.  Somerville)  Wexham  Springs.  Slou;  Cement  & Concrete  Assoc, 
(l.ibrary).  Wexham  Springs.  Slough;  Cement  & Concrete  Assoc.  (Lit.  Ex).  Bucks;  D.  New.  G.  Maunsell  & 

Partners.  London;  Library.  Bristol;  Taylor.  Woodrow  Constr  (0I4P).  Southall.  Middlesex;  Taylor.  Woodrow  Constr 
(Stubbs).  Southall.  Middlesex;  Univ.  of  Bristol  (R.  Morgan).  Bristol 
W ESTINGHOUSE  ELECTRIC  CORP.  Annapolis  MDlOceanic  Div  Lib.  Bryan);  Library,  Pittsburgh  PA 
WISS.  JANNEY.  ELSTNER.  & ASSOC  Northbrtxik,  IL(J.  Hanson) 

WM  CLAPP  LABS -BATTELLE  DUXBURY.  M A (LIBRARY);  Duxbury.  MA  (Richards) 

WOODWARD-CLYDE  CONSULTANTS  PLYMOUTH  MEETING  PA  (CROSS.  Ill) 

ANTON  TEDESKO  Bronxville  NY 
BRAHTZ  La  Jolla.  CA 

BRYANT  ROSE  Johnson  Div.  UOP,  Glendora  CA 

BULLOCK  La  Canada 

GREG  PAGE  EUGENE,  OR 

R E.  BESIEROId  SaybrookCT 

R.Q.  PALMER  Kailua.  HI 

SMITH  Gulfport.  MS 

r.W.  M ERMEL  Washington  DC 
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